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FOREWORD

The Geological Survey is engaged in many different kinds of investigations in the fields
of geology and hydrology. These investigations may be grouped into several broad, inter-
related categories as follows:

(a) Economic geology, including engineering geology

(b) Regional geologic mapping, including detailed mapping and stratigraphic studies

(¢) Resource and topical studies

(d) Ground-water studies

(e) Surface-water studies

(f) Quality-of-water studies

(g) Field and laboratory research on geologic and hydrologic processes and principles.
The Geological Survey also carries on investigations in its fields of competence for other Fed-
eral agencies that do not have the required specialized staffs or scientific facilities.

Nearly all the Geological Survey’s activities yield new data and principles of value in the
development or application of the geologic and hydrologic sciences. The purpose of this report,
which consists of 4 chapters, is to present as promptly as possible findings that have come to
the fore during the fiscal year 1961—the 12 months ending June 30, 1961.

The present volume, chapter A, is a synopsis of the highlights of recent findings of scientific
and economic interest. Some of these findings have been published or placed on open file
during the year; some are presented in chapters B, C, and Dj still others have not been pub-
lished previously. Only part of the scientific and economic results developed during the year
can be presented in this synopsis. Readers who wish more complete or more detailed informa-
tion should consult the bibliography of reports beginning on page A-156 of this volume, and
the collection of short articles presented in the companion chapters as follows:

Prof. Paper 424-B—Articles 1 to 146
Prof. Paper 424-C—Articles 147 to 292
Prof. Paper 424-D—Articles 293 to 435

A list of investigations in progress in the Geologic and Water Resources Divisions with
the names and addresses of the project leaders is given on pages A-110 to A-155 for those in-
terested in work in progress in various areas or on special topics.

During the fiscal year 1961, the services of the Geologic and Water Resources Divisions
were utilized, or supported financially in part, by the many Federal and State agencies listed
on pages A-106 to A-109. The Geological Survey has also cooperated from time to time with
other agencies, and some of the work described in these chapters stems from work of previous
years in cooperation with agencies not shown on the list. All cooperating agencies are identi-
fied where appropriate in the individual short articles in chapters B, C, and D, and they are
mentioned in connection with some of the larger programs summarized in chapter A ; because
of space limitations, however, their contributions are mentioned in many of the short summary
paragraphs contained in chapter A. '

The many cooperating agencies, by means of financial support, technical cooperation, and
friendly counsel, have contributed significantly to the findings reported in these chapters.

This report, which was prepared between March and July 1961, represents the combined
efforts of many individuals. Paul Averitt assumed overall responsibility and assembled chap-
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ter A from information supplied by project chiefs and program leaders. Arthur B. Campbell
and William J. Mapel critically reviewed most of the manuscripts submitted for chapters B,
C,and D. They were assisted in this task by Stanley W. Lohman, Edward T. Ruppel, Paul K.
Sims, and Vernon E. Swanson. Mrs. Virginia P. Byers helped check, process, and assemble
the papers. R. A. Weeks and Charles J. Robinove compiled the lists of cooperating agencies
and the list of investigations in progress. Barbara Hillier compiled the list of publications.
Edith Becker and Marston Chase prepared the indexes to chapters B, C, and D. To these must
be added the many contributors of articles, summaries and ideas. I am pleased to be able to
acknowledge here the contributions and efforts of these individuals.

Ao B Nt

Tuomas B. Norax,
Director.
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GEOLOGICAL SURVEY RESEARCH, 1%l

SYNOPSIS OF GEOLOGIC AND HYDROLOGIC RESULTS

RESOURCE INVESTIGATIONS

Resource investigations of the Geological Survey
cover the broad fields of minerals, fuels, and water.
Most of these investigations can be grouped into (a)
district and regional studies and (b) commodity and
topical studies.

The district and regional studies are concentrated in
areas known or believed to contain mineral, fuel, or
water resources of present or possible future value.
These studies are intended to establish guides useful in
the search for concealed deposits, to define areas favor-
able for exploration, and to appraise the resource
potential. Most district and regional studies involve
detailed geologic mapping, which adds to overall
knowledge of the geology of the United States and
contributes to the development of new general prin-
ciples of wide application.

The commodity and topical studies are more varied.
They include preparation on a national basis of esti-
mates of total quantities of various resources, synthesis
of data on habits of occurrence of individual resources
that will help define environments favorable for study
or exploration, and experimental and theoretical
studies on the origin, composition, and distribution of
such resources.

The long range objectives of both groups of studies
are to determine the geologic environments in which
individual commodities and mineral resources in gen-
eral occur, and to develop valid theoretical principles
and unifying concepts concerning their origin and oc-
currence. This information provides a foundation
from which private industry can extend its search for
useful raw materials, and it provides the Nation with
a continuing inventory of its mineral wealth.

Important new findings in the fields of heavy metals,
light metals, industrial minerals, radioactive materials,
fuels, and water are summarized in the following pages.

HEAVY METALS
DISTRICT AND REGIONAL STUDIES
Montana iron deposits

Geologic mapping by H. L. James and K. L. Wier
has shown that the Kelly iron deposit, Madison County,

Mont., is a bed normally about 20 to 30 feet thick in
Precambrian hornblende-diopside gneiss that is over-
lain by quartzite. At the nearby Carter Creek deposit,
Beaverhead County, the iron formation is a bed nor-
mally about 40 feet thick in a sequence consisting
mainly of dolomite marble and amphibolite. Locally,
as in areas now being actively explored by private com-
panies, the thickness of each bed of iron formation has
been greatly increased as a result of squeezing or tight
folding.

Chromite deposits of the Stillwater complex, Montana

E. D. Jackson, J. I. Dinnin, and Harry Bastron
(1960) have shown that the Cr,O; content of clean
chromite from within the two minable chromitite zones
of the Stillwater complex decreases upward, and that
Cr/Fe values also decrease upward, generally 40 to 50
percent from bottom to top of a zone. Both the Cr.O;
content and Cr/Fe ratios are lower in olivine-bearing
chromite layers than in adjacent massive chromitite
layers. This information is essential to successful de-
velopment of the deposits because the low-grade chro-
mite in disseminated layers near the tops of ore zones
cannot be raised to commercial grade by milling.

Nickeliferous lateritic soils in the Klamath Mountains, Oregon
and California

Field studies by P. E. Hotz (Art. 404)* have con-
firmed that several deposits of nickeliferous red soil in
northwest California and southwest Oregon have been
formed by weathering of peridotite. The deposits are
relatively thin and of small areal extent, and hence are
submarginal as nickel ore. However, a deposit at
Nickel Mountain, Douglas County, Oreg., is currently
being mined.

Tungsten and molybdenum in the Rocky Mountains

Widespread occurrence of molybdenum-bearing
scheelite and powellite of Precambrian age in Colorado
and part of Wyoming, principally in calc-silicate mem-
bers of gneissic terrains, has been described by Ogden
Tweto (1960). Minor concentrations of tungsten
originally present in the Precambrian sedimentary

1 Article 404 in Professional Paper 424-D. All references to articles
in chapters B, C, and D are given in this style. Articles 1-146 are in

chapter B ; articles 147—-292 are in chapter C; and articles 293-435 are
in chapter D.
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rocks were redistributed and recrystallized through
successive Precambrian plutonic episodes. The de-
posits found thus far are of minor economic impor-
tance, but some are still being found and others
probably exist. The Precambrian tungsten may have
a bearing on the occurrence of the Tertiary deposits,
which have been important sources of tungsten in
Colorado.

Through participation in the Defense Minerals
Exploration Administration project in cooperation
with the Molybdenum Corporation of America, at
Questa, N. Mex., R. U. King, E. N. Harshman, and
J. W. Hasler contributed to the discovery of a major
potential source of molybdenum. In November 1960,
the company announced that the project had disclosed
about 260 million tons of rock containing approxi-
mately 5 pounds of MoS, per ton, equivalent to 760 mil-
lion pounds of molybdenum metal.

Manganese and zinc deposits near Philipsburg, Montana

Pyrolusite, cryptomelane, todorokite, chalcophanite,
hetaerolite, manganite, and a manganese mineral that
resembles synthetic gamma- and rho-MnQO, have been
identified by W. C. Prinz (Art. 127) in the manganese
deposits near Philipsburg, Mont. The two zinc-bear-
ing oxides—chalcophanite and hetaerolite—occur only
as alteration products of primary rhodochrosite asso-
ciated with sphalerite. They may, therefore, prove
useful as guides to deeper ores of this kind.

Studies in Colorado

Studies by E. T. McKnight in the Rico district,
Colorado, have shown that many of the lead-zinc de-
posits are on the fringes of massive pyritic “blanket
veins” that extend along limestone beds outward from
their intersections with mineralizing fractures. The
fractures themselves are obscure and displace the beds
only slightly.

A significant contribution to the problem of zoning
of sulfide mineral deposits has been made by P. K.
Sims (1960b) and Paul B. Barton, Jr., (Barton, Toul-
min, and Sims, 1960) in their studies in the Central
City district, Colorado. The district-wide pattern is
interpreted as having originated from cooling of solu-
tions from initial temperatures of about 600° C to about
200° C as they moved upward and outward. As re-
flected by systematic changes in the composition of
sphalerite, the chemical potential of sulfur dropped
slowly during cooling and the more sulfur-rich mineral
assemblages were deposited peripherally. Presumably,
the chemical potential of sulfur changed through
homogeneous reactions in the ore fluid, for there is no
indication of extensive reaction with wall rock at this
stage.
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Base and precious metals were deposited in part
concurrently with the widespread propylitic alteration
throughout and beyond the Silverton caldera, north-
western San Juan Mountains, Colo. The paragenesis
of ore and gangue minerals, and the structural evolu-
tion of veins and chimneys in the district as determined
by W. S. Burbank and R. G. Luedke (Art. 149), indi-
cate that two kinds of primitive ore solutions were
involved, one of which was richer in sulfur compounds
than the other. The observed differences in mineral
assemblages and in paragenesis are due to mixing of
these solutions with solutions containing end products
of rock alteration and with oxygenated meteoric
waters.

In much of the Leadville area, Colorado, the bedrock
is deeply buried beneath unconsolidated deposits.
Studies of these deposits and related late Cenozoic
events by Ogden Tweto (Art. 56) have shown that the
bedrock surface is very irregular as a result of repeated
canyon cutting by streams and glaciers, and of repeated
movements on young faults. The rough topography
of the bedrock—not previously recognized—accounts
for the pattern of some ore deposits, and also affected
the pattern of oxidation of the ores.

East Tintic silver-lead district, Utah

Continued exploration by the Bear Creek Mining
Company has extended the known limits of the Burgin
ore body, which was discovered through application
of principles developed by Survey personnel, as de-
scribed by T. S. Lovering and H. T. Morris (1960).
The extension of the buried thrust fault zone in which
the deposit lies is being traced as part of a new pro-
gram of surface and subsurface exploration. The
success of this venture has stimulated new exploration
to the southeast by the Tintic Utah Mining Company.

Central mining district, New Mexico

A complex history of intrusions, domal uplift, sub-
sidence, volcanic activity, renewed intrusion, and fault-
ing between Late Cretaceous and early Miocene time
has been worked out in the Central mining district,
New Mexico, by W. R. Jones, R. M. Hernon, and W. P.
Pratt (Art. 150). About 30 varieties of intrusive rocks
in the district can be assigned to four age groups
within this time interval, and the youngest group can
itself be divided into five subgroups on the basis of
cross-cutting relationships. After the first group of
mtrusions had domed Upper Cretaceous and older
sediments, differential subsidence led to formation of
the Santa Rita horst. Some volcanism and additional
faulting followéd a period of erosion, and then three
discordant plutons were forcibly injected; these plu-
tons in turn were cut by the earliest dikes of the
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youngest intrusive group before any significant min-
eralization occurred. Extensive ore deposits of several
types formed in carbonate sedimentary rocks, the in-
trusive rocks, and along major faults before dikes of
the second subgroup were injected. Early Miocene
voleanic rocks around the edges of the horst provide
an upper time limit to the events described.

Lead, zinc, and related ores of the Central and Eastern States

Several independent but related studies have con-
tributed new data on the origin of Mississippi Valley-
type ores. W. S. West and Harry Klemic (Art. 296)
present evidence that in the Belmont and Calamine
quadrangles, Wisconsin, solution-thinning of lime-
stone beds by meteoric waters initiated slumping and
brecciation that prepared the sites for later mineraliza-
tion. The ore-depositing solutions probably were of
nonmeteoric origin.

Helmuth Wedow is applying high-speed computer
techniques to data from drill holes in the eastern Ten-
nessee zinc district to test the correlation between oc-
currence of sphalerite and variation in thickness of
limestone units, which are believed to be thinned
locally by solution. As records for more than 1 million
feet of drilling are available, successful adaptation of
computer methods to this problem will greatly reduce
the labor involved and may point the way to applica-
tion of this technique elsewhere.

In the Mascot-Jefferson City area, Tennessee, the
zine deposits are apparently localized by major struc-
tural features rather than by features related to thin-
ning. A. L. Brokaw (1960) points out that the
deposits are restricted to a zone of elongate domes and
bent folds that lies transverse to the regional trend of
Appalachian folds and overthrusts.

A. V. Heyl, Jr., and M. R. Brock (Art. 294) relate
the fluorspar-zinc deposits of the Kentucky-Illinois
district to doming and fractures at the intersection of
two major fault zones. One of these is the zone of
strong shears that connects the Central Kentucky, Ken-
tucky-Illinois and Southeast Missouri districts. An ex-
plosion breccia at Hicks Dome in the northern part of
the Kentucky-Illinois district has been dated as Cre-
taceous on the basis of an age determination made by
T. E. Stern on a thorium-rich monazite specimen
taken from the mineralized breccia. The monazite is
of a type which, according to W. C. Overstreet, is
characteristic of extremely deep-seated intrusions.

Work by W. E. Hall and Irving Friedman on stable
isotopes in fluid inclusions in ores from the Kentucky-
Illinois and Wisconsin districts suggests that the
mineralizing solutions in the two districts changed
in the same way during the course of ore deposition.
Highly concentrated deuterium-rich brines in early
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minerals give way to less concentrated and relatively
deuterium-poor fluids in younger ore and gangue min-
erals. The change in chemistry and isotopic composi-
tion of the fluids in the inclusions is believed to be due
to mixing of waters of different origins. (See p. A-96.)

Gold in California

Mapping by J. P. Albers and others (Art. 147) in
the French Gulch-Deadwood gold mining district in
northern California, done in cooperation with the Cali-
fornia Division of Mines, has shown that the lodes are
quartz veins along steep faults in the Bragdon forma-
tion and along a thrust contact between the Bragdon
and underlying Copley greenstone. Seven mines along
an east-west zone 9 miles long and less than a mile wide
have yielded most of the 835,000 ounces of gold thus
far obtained from the district.

COMMODITY STUDIES

In a review of gold-producing districts in the United
States, A. H. Koschmann and M. H. Bergendahl
(1961) have found that there are 504 districts in which
total gold production has exceeded 10,000 ounces.
Gold production in the United States reached an all-
time high of 4,869,949 ounces in 1940. Since then it
has declined to less than half this figure. Reserves are
sufficient to support production at the rate of 1940, but
marked changes in the economics of gold mining would
be necessary to achieve such an output.

Germanium has in the past been recovered mainly as
a byproduct of zinc smelters. New analyses and a re-
view of the literature by Michael Fleischer (Art. 110)
show that copper sulfides, especially enargite, com-
monly contain higher concentrations of germanium
than does sphalerite. The possibility of recovering
germanium commercially from byproducts of certain
copper smelters warrants attention.

TOPICAL STUDIES

Heavy metals and trace elements in black shales and phos-
phorites

Samples collected by D. F. Davidson and H. W.
Lakin (Art. 267) from six selected shale units in the
western United States contain metal in amounts com-
parable to those of shale units considered “ore” in other
parts of the world. The samples are from the so-called
“vanadiferous shale” in the Permian Phosphoria for-
mation of western Wyoming and southeastern Idaho;
the Comus formation of Ordovician age, near Gol-
conda, Nev.; an unnamed lower Paleozoic formation in
the Fish Creek range, near Eureka, Nev.; the Missis-
sippian Deseret limestone at Mercur Dome, near Tintic,
Utah; the Chainman shale of Mississippian age near
Ely, Nev.; and the Pennsylvanian Minnelusa forma-
tion in the southern Black Hills, S. Dak. All the shale
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units are black, and all are rich in organic material.
They contain as much as 1.5 percent zinc, 5 percent
vanadium, 1 to 2 percent nickel, 0.7 percent selenium,
and lesser amounts of other metals.

Similarly, J. D. Love (Art. 250) has found that the
Meade Peak phosphatic shale member of the Phos-
phoria formation near Afton, Wyo., contains as much
as 2.5 percent V,0;, 1.3 percent ZnO, 1 percent TiOs,
0.5 percent Cr,0s, 0.3 percent NiQO, 0.1 percent MoOs,
and 0.068 percent Se. A 3-foot bed averages 0.9 percent
V.0, and contains 45 million tons of rock to a depth of
500 feet below the level of major streams.

Analyses by R. A. Gulbrandsen (1960a, b) of 60
samples of phosphorites from the Phosphoria forma-
tion show the following approximate modal and maxi-
mum contents, respectively, of minor elements: Cr, 0.1
and 0.3 percent; La, Ni, Sr, V, Y, 0.03 and 0.1 percent;
Ba, Cd, Cu, Mn, Mo, Nd, Zn, 0.01 and 0.03 percent; As,
T, 0.005 and 0.02 percent ; B, Zr, 0.003 and 0.01 percent;
Se, 0.001 and 0.007 percent; Ag, Co, Pb, Sb, Sc, Yb,
0.001 and 0.003 percent ; Ga, <0.001 and 0.001 percent;
Be, 0.00005 and 0.0003 percent. He finds that the
high chromium phosphorites are likely to contain
greater than average amounts of other minor elements
and organic matter. He also finds that Sr, U, and the
rare earths are enriched in the apatite component of
the rock, whereas Ag, Zn, V, Cr, Mo, As, Sb, and Se are
enriched in the organic component.

LIGHT METALS AND INDUSTRIAL MINERALS

DISTRICT AND REGIONAL STUDIES
Beryllium at Spor Mountain, Utah

In mineralogic studies of beryllium ore from Spor
Mountain, Utah, E. J. Young and W. R. Griffitts have
found that bertrandite is the main ore mineral and that
associated introduced minerals are fluorite, opal
(B-cristobalite), montmorillonite, and quartz. The
ore is very fine grained and many of the bertrandite
particles are smaller than one micron, which may make
beneficiation difficult. The distribution of beryllium in
nodules and hand specimens of the Spor Mountain ore
was determined by means of a contact printing method
devised by W. R. Griffitts and L. E. Patten (Art. 286).

Beryllium in the Mount Wheeler area, White Pine County,
Nevada

Work in the Mount Wheeler area, Nevada, by D. H.
Whitebread and D. E. Lee (Art. 193) has shown that
the so-called Wheeler limestone contains beryllium
minerals in an area 1 mile north of the Mount Wheeler
mine as well as at the mine itself. This limestone unit,
which is within 70 feet of the base of the Pioche shale,
of Cambrian age, may be either a single continuous bed
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or a series of lenses. The beryllium minerals at the
mine and at the new occurrences are associated with
quartz veinlets that cut the limestone. The new occur-
Tences are near a quartz monzonite stock that is the in-
ferred source of the beryllium. Veinlets of quartz in
the so-called Wheeler limestone probably will serve as
the most useful guide in further search for beryllium
minerals in this area.

Beryllium in the Lake George district, Colorado

Beryllium deposits in the Lake George district, Colo-
rado, described previously by Hawley, Sharp and
Griffitts,> and by Sharp and Hawley® are associated
with pink biotite granite related to the Pikes Peak
granite of the Colorado Front Range. The largest
known deposit, at the Boomer mine, is closely associ-
ated with a small granite stock that was intruded into
schist, gneiss, and pegmatite. Other such deposits may
yet be found in association with obscure or buried stocks
in the part of the area consisting mainly of metamor-
phic rocks. Possible surface guides to such stocks are
concentrations of aplitic dikes, rocks altered to quartz-
muscovite-fluorite greisen, and large premineralization
faults that appear to have guided emplacement of
granites.

Beryllium deposits in the areas of metamorphic rocks
contain visible crystals of beryl; deposits in the gran-
ites contain inconspicuous bertrandite with or without
beryl. The beryllium-bearing mineral euclase has
been found in small amounts at the Boomer and Red-
skin mines, and may occur other places in the area in
minor amounts. This seems to be the first discovery of
euclase in North America.

Pegmatites of the Spruce Pine district, North Carolina

F. G. Lesure infers that deformed minerals and
gneissic or cataclastic structures that are common in
pegmatites of the Spruce Pine district may be the result
of synorogenic emplacement of the pegmatites, and that
the late faulting and shearing may have formed during
movement of the Blue Ridge thrust sheet (Bryant and
Reed, 1960).

Vermiculite deposits in South Carolina

W. C. Overstreet and Henry Bell have found that
the zircon-rich vermiculite deposits of the South Caro-
lina Piedmont are altered parts of the wall zones of
syenite pegmatite dikes. These wall zones are as much

2 Hawley, C. C., Sharp, W. N., and Griffitts, W. R., 1960, Preminerali-
zation faulting in the Lake George area, Park County, Colorado, in
Short papers in the geological sciences: U.S. Geol. Survey Prof. Paper
400-B, p. B71-B73.

3 Sharp, W. N., and Hawley, C. C., 1960, Bertrandite-bearing greisen,
a new beryllium ore in the Lake George district, Colorado, in Short
papers in the geological sciences : U.S. Geol. Survey Prof. Paper 400-B,
p. B73-B74.
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as 20 feet thick. The vermiculite is a product of the
alteration of biotite, which is an abundant primary
constituent of the pegmatite.

The biotite and vermiculite are commonly in pegma-
tites that cut gabbro or amphibolite, but also occur
where the dikes cut felsic rocks. Thus it seems certain
that composition of the wall rock is not as important in
the origin of vermiculite deposits as was previously
supposed.

Fluorspar in the Browns Canyon district, Salida, Colorado

In a cooperative project with the Colorado State
Metal Mining Fund, R. E. Van Alstine has mapped
the geology of the Poncha Springs NE quadrangle,
Colorado, which covers the main part of the Browns
Canyon fluorspar district in Chaffee County. The
fluorspar deposits occur chiefly along steep northwest-
trending normal faults in Tertiary volcanic rocks and
Precambrian granite and gneiss. The volcanic rocks
are older than lower Pliocene sediments. One of the
faults is at least 3.5 miles long and contains ore almost
continuously for about 2,600 feet. The maximum thick-
ness of the fissure veins is about 40 feet, and the CaF,
content ranges from about 25 to 75 percent. The ore
consists principally of fine-grained fluorite and quartz,
mutually interspersed or interlayered. Minor con-
stituents include calcite, barite, pyrite, marcasite, opal,
montmorillonite, kaolin, a stilbite-like zeolite, manga-
nese oxides (cryptomelane, pyrolusite, and manganite),
hematite, and limonite. The wall rocks have been
altered locally, either by the introduction of fluorite
and silica, or by the development of chlorite or clay
minerals.

Phosphate deposits in the Southeastern States

During the course of a detailed study of the phos-
phate deposits in the land-pebble district of Florida,
J. B. Cathcart has found an explanation for the
northern and eastern limits of phosphate occurrence.
Primary phosphate in the land-pebble district occurs in
the Hawthorn formation of middle Miocene age. The
minable deposits, however, are in residuum at the top
of the Hawthorn formation and in the lower part of
the overlying Bone Valley formation, of Pliocene age.
The reworking and concentration of weathered and
disintegrated phosphatic material took place in a sea
that reached its northern limit on the flank of a hitherto
undescribed positive structural element, called the
Hillsborough high, which is related to the much larger
Ocala uplift. The Hillsborough high was rising as the
Hawthorn formation was being deposited, and it re-
mained as a positive area during the early part of the
Pliocene. There are no minable phosphate deposits
north of the high. The eastern margin of the district
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is a sharp line at the edge of a ridge that acted as a
barrier to the sea during deposition of the lower part
of the Bone Valley formation. The lower unit does not
extend east of this ridge, and, accordingly, economic
phosphate deposits do not occur there.

J. B. Cathcart and F. W. Osterwald have concluded
that all economic phosphate deposits in the Southeast-
ern States are similar to the Florida deposits in origin
and in tectonic setting, although they occur in rocks of
Ordovician and Pennsylvanian ages, in addition to
rocks of Tertiary age. They are all derived mainly by
the weathering and reworking of sandy and clayey
phosphatic limestone beds that were deposited on the
rising flanks of foreland domes, far from the sources of
clastic material. The phosphate was deposited in a
rather narrow depth zone, and as the domes rose, phos-
phatic limestone was deposited at a progressively
greater distance from the crest of these structures.
Limestone beds of equivalent age but in a different
tectonic setting are not phosphatic.

Clay in Maryland

Bloating clays from Maryland, described previously
by M. M. Knechtel and J. W. Hosterman,* have been
subjected to rotary-kiln firing tests by H. P. Hamlin
of the U.S. Bureau of Mines. These clays were
sampled during an investigation conducted in coopera-
tion with the Maryland Department of Geology, Mines,
and Water Resources, and with the U.S. Bureau of
Mines. The material tested came from exposures of
the St. Marys formation, of Miocene age, at three local-
ities along the shore of Chesapeake Bay in Calvert
County, Md. The tests indicate that the clay in each
of these places is suitable for the manufacture of ex-
panded lightweight aggregate. Enough of this bloat-
ing clay may be available in southern Maryland, and
perhaps also in other parts of the Atlantic Coastal
Plain, to supply a new industry.

Clay in Kentucky

In a cooperative study with the Kentucky Geological
Survey, J. W. Hosterman and S. H. Patterson (Art.
120) have found that refractory clay of the Lower
Pennsylvanian Olive Hill clay bed is exposed in a belt
approximately 15 miles wide that extends southwest-
erly 55 miles from the Ohio River near Portsmouth,
Ohio, to Frenchburg, Ky., and may extend 50 miles
farther south to Laurel County, Ky. Boehmite, a
bauxite mineral identified recently by X-ray, occurs
locally as nodules in the clay. Previously, bauxite
minerals had not been known in the Olive Hill clay

4« Knechtel, M. M., and Hosterman, J. W., 1960, Bloating clay in
Miocene strata of Maryland, New Jersey, and Virginia, in Short papers
in the geological sciences: U.S. Geol. Survey Prof. Paper 400-B, p.
B59-B62.
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bed, although they are common in the Lower Pennsyl-
vanian Mercer clay of central Pennsylvania.

Borate in California

During the course of an investigation of the Furnace
Creek borate area, carried on in cooperation with the
California Division of Mines, J. F. McAllister has
found that weathering at the surface of the borate de-
posits tends to produce minerals relatively high in
B,0;. Some of these minerals have not been described
previously, and others are exceedingly rare. One of
the new minerals is nobleite (CaO-3B,0,-4H,0),
described by R. C. Erd, J. F. McAllister, and A. C.
Vlisidis. McAllister (Art. 129) has identified sborgite
(Na,0-5B,0,-10H,0), reported otherwise only from
Italy; and Erd and others (Art. 255) have identified
tunellite (SrO-3B,0,-4H,0), found previously only at
Boron, Calif. The sborgite was found in an efflores-
cence of thenardite and halite on outcrops of somewhat
saline lake beds in the Furnace Creek formation.
Sborgite forms in the present environment, as demon-
strated by a few stalactites of sborgite, thenardite, and
some halite, in a mine.

Pumice and pozzolan deposits in the Lesser Antilles

Very large deposits of pumiceous material are now
known to occur on the Caribbean islands of Dominica,
Martinique, and St. Eustatius. As described by E. B.
Eckel (1960b), the deposits contain both lump pumice,
which is used chiefly for lightweight building blocks,
and fine-grained pumicite, which has excellent pozzo-
lanic properties. The depositsare within easy shipping
distance of many potential markets in Puerto Rico and
elsewhere in the Caribbean, as well as along the east
and gulf coasts of the United States. They could pro-
vide the basis of an important local industry.

COMMODITY AND TOPICAL STUDIES
Beryllium

W. R. Griffitts and E. F. Cooley (Art. 109) have
investigated the beryllium content of cordierite, which
is structurally similar to beryl and therefore might be
expected (in places) to contain noteworthy amounts of
beryllium. Specimens of cordierite from pegmatite
and from quartz veins in pegmatite districts contained
a maximum of 0.2 percent Be, which is high for a
nominally nonberyllian mineral but far lower than that
of beryl.

Research is continuing in an effort to improve and
extend instrumental techniques in which the gam-
ma-neutron reaction is used to detect beryllium. A
drill-hole logger using this principle has been success-
fully field tested by W. W. Vaughn and associates.
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Potash

Three classes of potash deposits have been recognized
by C. 1. Jones during the course of studies in New Mex-
ico: (a) widespread polyhalite deposits formed by
replacement of anhydrite beds; (b) sylvite and lang-
beinite, associated with other potassium, magnesium,
and sodium salts, formed in halite beds; and (c¢) small
monomineralic lenses and veins of sylvite, polyhalite,
and carnallite that cut various rocks. Of the three
types of deposits, only the second has been mined.

Stratigraphic and petrographic studies of evaporite
deposits in the Paradox Basin, Utah, by R. J. Hite
(Art. 337), in addition to the work in New Mexico,
indicate that deposition of the evaporites and asso-
ciated sediments was cyclic, or even doubly cyclic.
Deposition under regressive conditions is recorded by
the downward sequence of halite-anhydrite-carbonate,
and under transgressive conditions by the reverse of
this sequence. Deposition in probable response to sea-
sonal variations in the salinity of the water is recorded
by thick units of finely laminated, varvelike rocks.
Reorganization of materials since deposition has
greatly complicated the original relations.

RADIOACTIVE MATERIALS
DISTRICT AND REGIONAL STUDIES

Colorado Plateau

Botryoidal coffinite in a specimen from the Woodrow
mine near Laguna, N. Mex., has been observed by R. H.
Moench to be interbanded with pyrite, cobaltite, and
barite and to contain small amounts of galena, wurtzite,
cobaltite, and a trace of chalcopyrite. These textural
relations suggest that the uranium and sulfide minerals
were formed at the same time.

From study of uranium-vanadium and copper de-
posits in the Lisbon Valley area of Utah and Colorado,
G. W. Weir and W. P. Puffett (1960c) have concluded
that the two kinds of deposits were formed by the same
or similar low-temperature hypogene solutions, be-
cause: (a) copper minerals occur in many uranium-
vanadium deposits, (b) uranium and vanadium min-
erals occur in some copper deposits, (¢) both kinds of
deposits occur in tabular bodies in sedimentary rocks,
and (d) the copper deposits are near faults.

Because regional variations of Mo, As, Co, Ni, Zn,
and Se in uranium deposits in the Salt Wash member
of the Morrison formation correspond with differences
in tuff content of the member, A. T. Miesch (Art. 123)
concludes that these elements were derived from the
tuffaceous component of the member and collected into
deposits by solute diffusion. Another group of ele-
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ments, Cu, Ag, much of the Pb, V, U, and some Zn came
from external sources and were introduced later by
sotution flow.

Although all samples of identifiable fossil wood from
several uranium deposits in the Colorado Plateau re-
gion are species of araucarian conifers, the uranium
content differs so markedly among samples of one
species from a single deposit that R. A. Scott (Art. 55)
concludes that the kind of wood in the deposits was not
an important control in localizing ore.

Shirley basin, Wyoming

E. N. Harshman (Art. 148) has found that the major
uranium deposits in the Shirley basin, Wyo., lie just
west of a northwesterly trending ridge on the pre-Ter-
tiary erosion surface upon which the ore-bearing Wind
River formation accumulated. In Wind River time,
streams transporting arkosic debris from granitic areas
lying to the southwest were diverted parallel to the
ridge. Resultant physical and chemical conditions
were favorable for the subsequent concentration of
uranium in deposits parallel to and west of the ridge.

Coastal plain, Texas

Relatively recent discovery of hydrogen sulfide-
bearing oil and gas in fields adjacent to faults and down
dip from uranium deposits in Karnes and adjoining
counties, Texas, has led D. H. Eargle and A. D. Weeks
(Art. 295) to postulate that hydrogen sulfide seeping
from those sources into overlying Tertiary rocks may
have created reducing environments in which uranium
was precipitated from alkaline ground water.

Front Range, Colorado

In study of primary black uranium ores in the Front
Range, Colo., P. K. Sims, E. J. Young, and W. N.
Sharp (Art. 2) have found that coffinite, previously
thought to be rare in uranium vein deposits of the
United States, is present in 6 veins of epithermal type
and is an important ore mineral in at least 3 of these.

Powderhorn district, Colorado

In the Powderhorn district, Gunnison County, Colo.,
D. C. Hedlund and J. C. Olson (Art. 121) have found
that thorium, niobium, and rare earths are concentrated
iIn (a) veins bearing thorite and thorogummite,
(b) dikes and plug-like bodies of carbonatite, where
they are contained in pyrochlore, monazite, apatite,
bastnaesite, and synchisite, (¢) segregations of magne-
tite-ilmenite-perovskite, and (d) trachyte dikes.

TOPICAL STUDIES

Epigenetic deposits of uranium in limestone
Data on uranium deposits in northwestern New
Mexico compiled by L. S. Hilpert (Art. 8) indicate that
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deposits in limestone are always of epigenetic origin;
they occur in rocks of Permian and Triassic age de-
formed by faulting, or in rock of Jurassic age (Todilto
limestone) deformed by intraformational folding; and
they are distributed in two different geologic provinces,
the Colorado Plateau and the Basin and Range. Be-
cause these deposits and others described in the geologic
literature occur under rather diverse geologic condi-
tions, he concludes that carbonate rocks are good hosts
for epigenetic uranium deposits only where these rocks
are deformed.

Geology of uranium deposits in sandstone

Review and analysis by W. I. Finch of the large
amount of data on uranium deposits in sandstone in-
dicate that about 98 percent of the pene-concordant
deposits are in sandstone formed in continental sedi-
mentary environments. The sandstone accumulated
in closed or partly closed basins—mainly in areas
bordering the stable interior platforms, and to a minor
extent in postorogenic depressions, including some
fault-block valleys. None of the sandstone accumulated
in geosynclines. Uranium-bearing lignite, some
uranium-bearing limestone, and uranium-bearing con-
glomerate of Precambrian age had a similar sedimen-
tary and tectonic setting. Continental rocks formed in
such environments offer the best opportunities for find-
ing new uranium-bearing deposits.

Source of monazite in some Australian placers

In reviewing the literature concerning the geology
of monazite, W. C. Overstreet finds that detrital mona-
zite on beaches fronting the South Pacific in Queens-
land and New South Wales contains 6.6 == 0.5 percent
thoria (ThO ,) as compared to only one-tenth to one-
fifth that amount in monazite from stream placers in
the tin fields of the highlands upstream from the coast.
This marked difference suggests that monazite of the
beaches cannot, as previously thought, have come from
the same source rocks as that in the stream placers.
The composition of the monazite on the beaches sug-
gests that it was derived from plutonic gneiss bodies
not now exposed.

FUELS
PETROLEUM AND NATURAL GAS

Many studies carried on within the Survey contribute
fundamental stratigraphic and geologic data that are
used by those engaged in petroleum exploration.
These studies are reported under regional headings,
beginning on page A-9.

COAL

Coal studies by the U.S. Geological Survey include

(a) geologic mapping and stratigraphic studies of
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specific coal fields; (b) appraisal of resources in in-
dividual coal fields, States, or the whole nation; and
(¢) investigation of the petrography, composition, and
structure of coal.
Coal fields of the United States

A new map of the coal fields of conterminous United
States by James Trumbull (1959) shows, on a scale of
1: 5,000,000, the distribution of coal-bearing areas, in
colors according to the rank of coal. Inset maps and
diagrams show geologic ages of coal-bearing rocks, the
basis of coal-rank determination, bituminous coal
producing districts, cumulative coal production to
January 1, 1959, and estimated original coal reserves,
by States.

Coal resources of Arkansas

In a report prepared in cooperation with the
Arkansas Geological and Conservation Commission, B.
R. Haley (1960) estimates that the original reserves of
low-volatile bituminous coal and semianthracite in
Arkansas totaled 2,272 million tons. This estimate is
70 percent larger than that made by M. R. Campbell in
1908.

Geology of specific coal fields

Studies by W. C. Warren (1959) in the Birney-
Broadus coal field in Rosebud and Powder River
Counties, Mont., have shown that the field contains
about 21.5 billion tons of subbituminous coal in beds
21% or more feet thick and within about 1,000 feet of
the surface.

Geologic investigations in the Livingston-Trail
Creek coal field, Montana, by A. E. Roberts indicate
that the field contains 226 million tons of coal. Analy-
ses of 89 coal samples from the field indicate that the
coal is of high-volatile bituminous rank.

Spheroidal structures in coal

Coal beds in the Vermejo formation of Cretaceous
age and in the Raton formation of Cretaceous and
Paleocene age in the Trinidad coal field, Colorado, ex-
hibit two types of spheroidal structure. R. B. Johnson
(Art. 153) believes that one type is the result of stresses
due either to lateral movements or shrinkage during
lithification; the other type seems to be the result of
shrinkage caused by heat from nearby sills.

OIL SHALE

Studies of the oil shale in the Green River formation
of Eocene age in the southeastern Ulinta basin, Utah,
by W. B. Cashion (Art. 154) indicate that an area of
690 square miles is underlain by an oil-shale sequence
15 to 370 feet thick. The sequence will yield about 15
gallons of oil per ton of rock and the potential oil re-
serves of the area total about 53 billion barrels.
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Mapping by W. C. Culbertson in the Firehole basin
15-minute quadrangle, Wyoming, has demonstrated
that a sequence 40 feet thick in the upper part of the
Tipton shale member of the Green River formation is
a persistent oil-rich unit underlying at least 500 square
miles in and near the quadrangle. Assays of cores and
outcrop samples indicate that the unit will yield 18 to 30
gallons of oil per ton of shale and that it contains at
least 20 billion barrels of oil.

WATER
REGIONAL AND DISTRICT STUDIES
Distribution and characteristics of streamflow

The amount and variation of surface-water supplies
in the United States is ascertained by means of a net-
work of about 7,200 continuous-record stream-gaging
stations. Of these about 2,800 are primary stations at
which streamflow data are recorded continuously for
long periods. About 1,400 are secondary stations that
are operated for periods of 5 to 10 years and are moved
from place to place as required. The remaining 3,000
stations serve miscellaneous needs for streamflow data.
In addition, special information on low- or high-flow
characteristics is obtained at about 5,000 partial-record
station.

Data from this network of stations are summarized
and analyzed in areal studies of the availability of
water supplies. For example, a study of water supplies
of Kanawha County, W. Va., by W. L. Doll, B. M.
Wilmoth, Jr., and G. W. Whetstone (1960) resulted
in the conclusion, based on the present rate of increase
in water use, that enough water is available in the
Kanawha River basin to supply needs for many years
to come.

In Puerto Rico, Ted Arnow and J. W. Crooks (1960)
found that of 93 million gallons per day delivered to
76 urban and 860 rural areas, about 90 percent of the
production was from surface-water sources.

R. W. Pride and J. W. Crooks have concluded from
a study of rainfall and streamflow records in Florida
that the drought of 1954-56 was the most severe on
record. In this 3-year period, deficiencies in annual
rainfall ranged from 7 to 11 inches; and the average
annual runoff from the State was only about 6 inches,
as compared to the long-term average runoff of about
14 inches.

Records of streamflow in Kansas analyzed by L. W.
Furness (1960), show that, in general, the low flows
decrease progressively westward except that in the
Marais des Cygnes basin they are lower than regional
values and in parts of south-central Kansas they are
higher. On most streams in the western part of the
State and in parts of the Marais des Cygnes and Neo-
sho basins the discharge diminishes to zero every other
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year on the average. On the South Fork Ninnescah
River basin, where the flow is sustained better than
elsewhere in Kansas, the annual minimum 7-day flow
is as much as 0.06 cubic feet per second per square mile
at average intervals of 2 years.

Man’s activities may have a profound effect on
streamflow. In a study of the effects of reforestation
in four small areas in New York, W. J. Schneider and
G. B. Ayer (1961) found through examination of
streamflow records collected since 1952 that reforesta-
tion had resulted in significant decreases in runoff. At
the time of the study three of the areas had been partly
(35 to 58 percent) reforested, mostly with species of
pine and spruce. As a result, runoff from one stream
was reduced 0.36 inch per hydrologic year and peak dis-
charges during the dormant season were reduced by an
average of 41 percent. Significant change in peak
flows during the growing season could not be
demonstrated.

In a study of the effects of urbanization, A. O.
Waananen (Art. 275) concludes that peak rates of
runoff from areas of urban development may be 3 to 4
times greater than those from nearby undeveloped
areas.

WATER USE
Water use in river basins of Southeastern United States

The river basins of Southeastern United States cover
an area of 86,543 square miles in parts of South Caro-
lina, Georgia, Florida, and Alabama. Withdrawal of
water in these basins totaled nearly 3,900 mgd (million
gallons per day) during 1960 according to a study by
K. A. MacKichan and J. C. Kammerer (1961). This
amount is equivalent to 750 gallons per capita per day.
The withdrawal was divided among several classes of
users as follows: industry, 3,300 mgd ; public supplies,
400 mgd; rural domestic and livestock, 110 mgd; and
irrigation, 42 mgd. Of the total withdrawn, only 290
mgd was consumed. Water use by the Savannah River
plant of the Atomic Energy Commission is not in-
cluded. About 61 percent of the surface water and 94
percent of the ground water was withdrawn in the
Coastal Plain part of the basins. The total withdrawal
increased 31 percent between 1955 and 1960. Con-
sumptive use probably increased at about the same
rate. The use of saline water was almost three times
as great in 1960 as in 1955.

Copper industry

About 330 mgd of water was used in 1955 in mining
and manufacturing primary copper. About 70 percent
was used in mining and concentrating ore and about
30 percent was used to reduce the concentrate to pri-
mary copper. About 60 mgd, or 18 percent, of the
water was used consumptively, and nearly all of the
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consumptive use occurred in the water-short areas of
the West. On the average about 50 gallons of water is
required to produce a pound of refined copper.

Much of the water used in producing primary copper
was of low quality. About 46 percent contained 1,000
ppm (parts per million) or more of dissolved solids.
Median total dissolved solids in water used in mining
and ore concentration average a little less than 400
ppm, and hardness (as CaCQ;) a little more than 200
ppm. The corresponding median values for water
used in smelting and refining average only half these
amounts.

Styrene, butadiene, and synthetic rubber industries

The water requirements of the styrene, butadiene,
and synthetic rubber industries totaled about 710 mgd
in 1959, according to an analysis by C. N. Durfor. The
intake of the individual industries was as follows:
butadiene, 429 mgd ; styrene, 158 mgd ; special-purpose
rubber, 94 mgd; and SBR (styrene-butadiene rubber),
29'mgd. The butadiene industry consumed 4.5 percent
of its intake, the styrene industry, 2.0 percent, the spe-
cial-purpose rubber industry, 9.1 percent, and the SBR
industry, 11 percent.

Most of the water intake was used for cooling: buta-
diene, 96 percent; styrene, 98 percent; special-purpose
rubber, 90 percent; and SBR, 17 percent. Of the total
intake, 64 percent of the water was salty. These
waters, which were used only for once-through cooling,
contained as much as 35,000 ppm of dissolved solids.
Excluding these salty waters the maximum hardness
of the intake water used for the production of buta-
diene was 342 ppm; for styrene, 404 ppm; for SBR,
495 ppm; and for special-purpose synthetic rubber, 618

ppm.
REGIONAL GEOLOGY AND HYDROLOGY

In addition to the resource investigations described on
the preceding pages, the Geological Survey is engaged
in studies of broader scope aimed at an understanding
of the geology and hydrology of the United States.

Studies of the composition, structure, history, and
origin of the rocks that compose the earth’s crust in
the United States are carried out by regional geologic
mapping, together with parallel studies in the fields of
geophysics, geochemistry, stratigraphy, and paleon-
tology. The preparation of general-purpose geologic
maps and accompanying studies often provide the first
clue to the location of new mineral districts, and they
aid directly in the search for concealed deposits. They
also provide background information for (a) apprais-
ing the potential mineral, fuel, and water resources
of various parts of the country, (b) selecting favorable
sites for engineering works such as highways, dams, de-
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F16URE 1.—Index map of conterminous United States showing boundaries of regions referred to on accompanying pages.

fense tests, and homes, and (¢) enhancing appreciation
of scenic features and recreational areas.

Studies of the quantity, quality, and availability of
the Nation’s water resources are carried out in part
through areal investigations of districts and drainage
basins. In these studies hydrologic and related geo-
logic variables are examined and recorded. These var-
iables include sources of inflow, the movements of
surface and ground water, the effects of various
geologic materials on water movements and on compo-
sition, the effects of water movements on rocks and
sediments, and the disposition of water, including con-
sumption, evaporation, transpiration, and outflow of
both surface and ground waters. Such studies pro-
vide the basic data needed for an intelligent appraisal
of the Nation’s water resources; they make it possible
to predict the effects of man’s activities on water regi-
men, and they aid in solving local water problems.

Some of the major results of regional geologic and
hydrologic work during the fiscal year 1961 are de-
scribed in the following pages. These results are clas-
sified by region as shown in part on figure 1.

SYNTHESIS OF GEOLOGIC DATA ON MAPS OF
LARGE REGIONS

The preparation of maps of national or larger scope
is a minor but very important function of the Geo-
logical Survey. In compiling such maps the Survey
depends largely on data gathered as part of local and
regional mapping programs, supplemented by data
generously provided by State surveys, private com-
panies, and universities. The Survey also collaborates
with national and international scientific societies in
preparing, and sometimes publishing, maps of this
type. Maps published or completed during the year
are described under separate headings below. Collabo-
rative maps in progress include:

1. Geologic map of North America, scale 1:5,000,000.
This map, which is nearly completed, is being com-
piled by a committee of the Geological Society of
America, E. N. Goddard, University of Michigan,
chairman.

2. Basement rock map of North America from 20° to
60° N. latitude, scale 1: 5,000,000. This map has been
compiled by a committees of the American Associa-
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tion of Petroleum Geologists, P. T. Flawn, Univer-
sity of Texas, Bureau of Economic Geology, chair-
man.

3. Absolute gravity map of the United States, scale
1:2,500,000. This map has been compiled by the
American Geophysical Union Committee for Geo-
physical and Geological Study of the Continents,
G. P. Woollard, University of Wisconsin, chairman.

4. Tectonic map of North America. This map, bemng
compiled under the direction of P. B. King, is being
prepared for the Subcommission for the Tectonic
Map of the World, International Geological Con-
gress.

Mineral distribution maps

Mineral distribution maps of conterminous United
States are being compiled under the direction of P. W.
Guild, T. P. Thayer, and W. L. Newman.

Occurrences of 22 mineral commodities throughout
the 48 conterminous States are shown on a series of
maps completed thus far. About half of the com-
modities are heavy metals and the remainder are light
metals, industrial minerals, or radioactive materials.
Maps of about 12 additional commodities are in various
stages of preparation. The original maps are on trans-
parent film on a scale of 1:2,500,000, designed as over-
lays for the geologic and tectonic maps of conterminous
United States. They will be published on paper at a
scale of 1:3,168,000, accompanied by short texts,
locality indexes, and bibliographic references. Through
cooperation of agencies of the Canadian and Mexican
governments the series of distribution maps will in-
clude mineral occurrences throughout North America
as part of the general program of the Subcommission
for the Metallogenic Map of the World, International
Geological Congress.

Tectonic map of the United States

A new tectonic map of the conterminous United
States, on a scale of 1: 2,500,000, will be released during
the coming fiscal year. The map, prepared as a joint
undertaking of the American Association of Petroleum
Geologists and the Geological Survey under the direc-
tion of G. V. Cohee, is a complete revision of the
tectonic map published by the Association in 1944.

By providing a geologic framework for delineating
old and recognizing new mineral provinces, the
tectonic map is of special value in the search for petro-
leum, natural gas, and ore deposits. The map also has
great scientific value as a tool in the interpretation of
the structural history of the United States.

Paleotectonic maps of the Permian system

The long-term program to produce paleotectonic
map folios of national scope for each of the geologic
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systems is continuing. The folio for the Permian sys-
tem, largely completed in 1960, is being readied for
publication; work has been started on a folio for the
Pennsylvanian system.

Interpretive maps prepared for each of several ma-
jor subdivisions of the Permian system show the devel-
opment of major tectonic elements in much of the
central part of the continent.

Tectonism was still active very early in Permian
time, following the intensive activity in many areas
near the end of the Pennsylvanian period. Numerous
basins of deposition (some topographically deep)
were separated from adjacent basins by highlands,
which contributed detritus to the basins. The longest
landmasses, including the ancestral Rocky Mountains
and the central Nevada ridge, trended northeasterly,
but many shorter landmasses, such as the ancestral
Wichita-Arbuckle and Uncompahgre uplifts, were
alined northwesterly. Many small positive areas
formed hills projecting above areas of deposition.

Relative tectonic stability characterized the second
subdivision of the Permian system, composed largely of
rocks of Leonard age. Many of the earlier positive
areas had been reduced by erosion and buried by sedi-
ments. Widespread regional sinking or a eustatio rise
of sea level resulted in the accumulation of widespread
blankets of sediments in basins of deposition that were
far more extensive than those in very early Permian
time. Noteworthy changes also included the develop-
ment of a marine connection in Wyoming between the
Cordilleran geosyncline and the northern Midcontinent
region, and in Arizona between the Cordilleran and the
Sonoran geosynclines.

The central part of the continent in the latter part of
Permian time was even more stable. Positive areas in
the northern part of the Western Interior were further
reduced in size and prominence, and deposition was
more widespread. In the Southwest, however, an ex-
tensive area in Arizona and western New Mexico was
emergent, although probably not very high. The sup-
ply of detritus in most of the Midcontinent region
exceeded the amount that could be accommodated by
regional downwarping, so many of the Permian basins
were filled.

Pleistocene lakes in western conterminous United States

A new map of the western conterminous United
States, prepared by J. H. Feth (Art. 47), shows the
maximum known or inferred extent of Pleistocene
lakes. Comparison of this map with reported lacus-
trine deposits of Oligocene, Miocene, and Pliocene ages
suggests that the general area of occurrence of the
Pleistocene lakes was a little west and southwest of the
area of occurrence of the older lakes.
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NEW ENGLAND AND EASTERN NEW YORK

Geologic mapping, geophysical and geochemical sur-
veys, and water resources investigations in New Eng-
land and eastern New York are carried on largely
through cooperative agreements with the various
States. Some of the results of this work are summa-
rized below. The results of geochemical exploration
in New England are described on page A-95.

Regional geologic mapping in Maine

Preliminary studies by Andrew Griscom on the
petrology of a mafic intrusive complex in the Stratton
quadrangle show that the lower, layered half of the
intrusion contains about 12,000 feet of interlayered
norite, anorthosite (with rare spinel), pyroxenite, and
dunite, and that the upper, nonlayered portion grades
upward from norite into biotite diorite.

E. V. Post has tentatively correlated rocks in The
Forks quadrangle with lithologically similar rocks in
the Stratton quadrangle, and in the Second Lake quad-
rangle, New Hampshire-Maine. The latter correla-
tion, in turn, suggests a correlation with the “Arnold
River Complex” of Ordovician age in Quebec.

The “ribbon rock” (a limestone with layers of slate)
that underlies much of eastern Aroostook County was
generally believed to be of Silurian age, but grapto-
lites recently discovered by Louis Pavlides date it as
Middle Ordovician (Trenton). Fossiliferous tuff from
the Shin Pond area studied by R. B. Neuman has
yielded brachiopods, trilobites, bryozoans, gastropods,
and echinoderms of probable Early Ordovician (Are-
nig) age. Many of the species are new and the as-
semblage as a whole has European affinities. Neuman
and W. B. N. Berry have recognized the European
aspect of faunas in rocks that span a considerable part
of the Ordovician in this region.

As the result of recent geologic mapping in west-
central Maine and northern New Hampshire, A. L.
Albee (Art. 168) suggests that the Taconic orogeny
in this area involved major deformation and meta-
morphism rather than just a tilting of the older rocks.

Regional geologic mapping in Vermont

The tectonic fabric of north-central Vermont has
been analyzed by W. M. Cady as the first phase of a
study of orogenic movements. The B-axis elements of
an earlier fabric approach a right angle to the B-axes
of the folds of the later Green Mountain north-north-
east trending anticlinorium.

Regional geologic mapping in Massachusetts and Rhode Island

R. F. Novotny (Art. 311) has identified a major un-
conformity as the base of the Pennsylvanian Worcester
formation in east-central Massachusetts. The under-
lying strata may be Silurian, as suggested by strati-
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graphic continuity with units in Maine and New
Hampshire. A major fault marked by silicified and
brecciated zones has been mapped for a distance of 25
miles in east-central Massachusetts and southern New
Hampshire and may continue southward to the vicinity
of the Worcester “coal” mine.

Recent mapping in the Concord quadrangle by N. P.
Cuppels (Art. 310) has revealed a northeast-trending
fault zone at least 25 miles long. The fault zone crosses
the southeastern part of the quadrangle, is younger
than the Andover granite of Carboniferous age, and
may be genetically related to the Northern Boundary
fault of the Boston basin.

A striking example of frost-wedged bedrock has been
discovered by Carl Koteff (Art. 170) at a locality north
of New Bedford, in southeastern Massachusetts during
mapping of the Assawompset Pond quadrangle. A
knob of porphyritic granite that protrudes about 25 feet
above the surrounding glacial deposits contains open-
ings as much as 3 feet wide and 10 feet deep, developed
along major joints. The joint blocks have been moved
laterally over a gently dipping joint plane by frost
wedging, presumably in a periglacial climate.

Marine sediments as much as 50 feet above present
sea level are of late glacial age, according to work by R.
N. Oldale (Art. 171) in the Salem quadrangle along
the northeast coast of Massachusetts. The sediments
were deposited when glacial ice stood nearby, as pro-
glacial outwash is interbedded with and in part overlies
the marine sediments. Sand dunes as much as 50 feet
high and 8,400 feet long have been mapped in the
Springfield South quadrangle by Joseph H. Hartshorn.
The dunes are both bow-shaped and longitudinal.
Their bedding dips consistently 7 to 12 degrees south,
indicating winds primarily from the north, although
the forms of some bow-shaped dunes indicate a com-
ponent from the northwest.

Regional geologic mapping in Connecticut

A narrow stratigraphic zone in the granitic gneiss of
southeastern Connecticut is characterized by keilhauite,
an aluminum-, iron-, and rare-earth-bearing variety of
sphene, according to Richard Goldsmith, G. L. Snyder,
and Nancy M. Conklin (Art. 399). Keilhauite also
occurs in rocks in Rhode Island now called the Scituate
granite gneiss, and may be a useful stratigraphic
marker in the gneisses of southern New England.

According to Richard Goldsmith (Art. 169), a dis-
tinctive aegerine-augite granite and associated rocks
identify refolded isoclinal folds in the granitic gneisses
and high-grade metasedimentary and metavolcanic
rocks of southeastern Connecticut. The Hunts Brook
syncline, an isoclinal syncline near New London, has
been tightly refolded, possibly as a result of deforma-
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tion that produced the generally westward-trending
low-angle Honey Hill fault.

G. L. Snyder has recognized three periods of
metamorphism in the rocks of the Norwich and Fitch-
ville quadrangles: (a) regional dynamo-thermal
metamorphism, either as a single continuous process
or as a series of episodes between 530 and 280 million
years ago; (b) dynamic metamorphism, progressively
more localized along certain zones of active faulting;
and (c) alteration or retrograde metamorphism that
resulted in the hydration of sillimanite-containing
schists.

The Waterbury gneiss has been divided by C. E.
Fritts into two main metasedimentary units and at least
two felsic metaigneous units. These rocks form the
core of a dome. A thinly banded kyanite-bearing
paragneiss that occurs east of Waterbury, Conn., con-
tains as much as 54 percent kyanite and averages 9
percent, as judged from analyses of 29 samples.

A large recessional moraine about 8 miles north of
Long Island Sound near New London has been
identified by Richard Goldsmith (1960a) and named
the Ledyard moraine. The moraine extends east-north-
eastward discontinuously for at least 13 miles, and
marks a temporary halt in the retreat of ice from the
moraines of Long Island and southern Rhode Island.
A similar moraine found by R. B. Colton farther north
near Windsorville, marks another previously un-
recognized stand of the retreating ice.

Geophysical surveys

Gravity measurements by M. F. Kane in west-central
Maine have delineated areas of mafic and felsic intru-
sive rocks in a dominantly sedimentary terrain.
Detailed gravity profiles over exposed or near-surface
intrusive bodies have given considerable information
on their size and shape. Both gravity anomalies and
density measurements show that the sedimentary rocks
are, in general, intermediate in density between the
mafic and felsic rocks.

In the Island Falls quadrangle, Maine, electro-
magnetic techniques have been used by F. C. Frisch-
knecht and E. B. Ekren to map the bedrock below
a concealing cover of glacial drift. In the northwest
and central parts of the quadrangle, zones of conductive
black slate are common in the sequence of concealed
rock, which is of probable Cambrian and Ordovician
ages. These slate zones can be distinguished electro-
magnetically from younger volcanic rocks in the north-
west part of the quadrangle. In the central part the
conductive zones occur in relatively narrow belts that
are continuous for many miles. The conductive zones
converge northeastward.

Pronounced magnetic highs over the five ring dikes

A-13

or stocks of the White Mountain plutonic-volcanic series
in New Hampshire have been found by R. S. Bromery.
Samples of the ring-dike rocks are being examined by
Andrew Griscom and the data used to determine the
structure of the ring complexes. Within the ring-dike
area, the Moat volcanics and the Littleton formation
(schist and gneiss) are magnetically low. Aero-
magnetic data show that the Conway granite within
the ring-dike area is magnetically high, but that the
Conway granite of the White Mountain batholith is
magnetically low.

Seismic work on Block Island, Rhode Island, by C. R.
Tuttle and W. B. Allen (Art. 240) indicates that a
low-velocity zone of Pleistocene deposits is underlain
successively by unconsolidated deposits, semiconsoli-
dated deposits, and, at 1,088 feet below sea level, by
crystalline rocks. The unconsolidated deposits are
probably of Cretaceous age, the semiconsolidated de-
posits of Cretaceous or Triassic(?) age, and the
crystalline rocks of Paleozoic age or older.

A study by Anna Jespersen of the results of an aero-
magnetic survey of the Greenwood Lake and Sloats-
burg quadrangles, New York-New Jersey, indicates
that the steepest magnetic gradients and the highest
magnetic susceptibilities are associated with Precam-
brian metasedimentary amphibolite and pyroxene
amphibolite, the principal host rocks of the magnetite
deposits in the Sterling Lake, N.Y.-Ringwood, N.J.,
area. The next two lower orders of magnetic sus-
ceptibility seem to be associated with quartz-oligoclase
gneiss and hornblende granite, respectively.

Economic studies

Slate that has been quarried at about 25 places in
the Greenville and Sebac Lake quadrangles, Maine,
occurs in a sequence of interbedded dark-gray slate,
siltstone, and fine-grained sandstone of probably Early
Devonian age, according to geologic mapping by G. H.
Espenshade (Art. 152). Slaty cleavage is well devel-
oped only where sandstone is interbedded with the
slate. A large sample of slate with very poor cleavage
was processed in the rotary kiln by the Bureau of
Mines, and yielded lightweight aggregate of good qual-
ity from which satisfactory lightweight concrete was
made.

A new copper vein at the upper contact of green-
stone with schist of the Ottauquechee formation, ex-
posed in roadcuts of the Waterbury Interchange on the
new interstate highway to Montpelier, Vt., was
sampled by L. R. Page and assayed 3 percent copper
over a width of 44 inches.

Precambrian magnetite deposits, interpreted by B. F.
Leonard and A. F. Buddington as high-temperature
replacements of skarn and microcline granite gneiss,
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are confined to a structural knot in granitic terrain near
the border of the Adirondacks massif (Art. 35). Mag-
netite in granite gneiss is locally accompanied by hypo-
gene crystalline hematite and martite, and large
deposits average about 25 percent recoverable iron.

Geochemical studies in New Hampshire

Chemical analyses of uranium and thorium in the
Highlanderoft (Taconic), Oliverian (Acadian), and
New Hampshire (Acadian) plutonic series of New
Hampshire confirm that radioactivity is higher in the
more felsic rocks of these series. In addition, accord-
ing to J. B. Lyons (Art. 32), the much lower thor-
um-uranium ratios for pegmatites, contrasted with
aplites, suggests that these coarse-grained rocks were
formed by different processes of fractionation.

Aquifers composed of glacial deposits

During the course of recent studies in southeastern
Massachusetts C. E. Shaw, Jr.,, and R. G. Petersen
(1960) have concluded that the ground-water reservoir
formed by stratified glacial drift along the Mattapoi-
sett River is in hydraulic continuity with the stream
and that the summer and autumn low flows of the
Mattapoisett River are a measure of the minimum
amount of water that can be developed on a sustained
basis.

In a study of pumping tests on wells in twelve
ground-water reservoirs in glacial outwash in Rhode
Island, S. M. Lang, W. H. Bierschenk, and W. B. Al-
len (1960) found that coefficients of transmissibility
ranged from 19,000 to 350,000 gpd (gallons per day)
per foot, coefficients of permeability from 820 to 5,800
gpd per square foot, and coefficients of storage from
0.0008 to 0.20. Although outwash deposits are gen-
erally productive, the wide range in permeability indi-
cates a considerable variation in productivity from
one reservoir to another and from place to place within
any one reservoir. The wide range in coefficients of
storage indicates a spread between water-table and
substantially confined conditions. The average trans-
missibility and permeability observed in the 12 reser-
voirs studied are higher than for much of the outwash
because many of the wells tested had been located and
constructed after the sites had been explored by test
drilling.

Occurrence of water in bedrock

Further insight into the occurrence and movement
of ground water in consolidated rocks has been obtained
by F. W. Trainer and R. C. Heath (Art. 815) from an
area in the St. Lawrence River valley in northeastern
New York. The most permeable zones in the Beek-
mantown dolomite of this area are thin strata that
contain moderately abundant cross fractures. These
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thin strata are separated by thick beds in which cross
fractures are widely spaced. One of these thin zones,
lying nearly horizontal, apparently acts as a pipe that
conducts water southward from Canada beneath the
St. Lawrence River and Lake St. Lawrence to dis-
charge areas along the Grass and Raquette Rivers in
the United States.

Chemical and physical quality of surface and ground water

In a study of the quality of water in major drainage
basins of Connecticut and extreme southeastern New
York, F. H. Pauszek (1960) has observed that (a) dis-
solved solids in surface water range from 26 to 216 ppm
(parts per million), and the water is in general rela-
tively soft, (b) water from streams in the Thames
drainage basin is the softest—the observed range being
only 10 to 33 ppm of hardness calculated as CaCOs,
(¢) in the upper Housatonic drainage basin, some
streams that drain terrains underlain by limestone and
dolomite are high in dissolved solids, and a preponder-
ance of calcium and magnesium makes the water some-
what harder, and (d) in all basins the water locally
may be high in iron. The composition of the ground
water in these basins is generally comparable to that of
the streams, but has a greater range in amounts of dis-
solved solids.

Sediment discharge by Scantic Brook, a tributary of
the Connecticut River, was less than 10 tons per day
about 50 percent of the time. During the hurricane
floods of 1955, however, 10,890 tons passed the Broad
Brook station during the two days August 19 and 20.
This was 70 percent of the total load for the year.

Unusually high concentrations of chloride and sodi-
um ions in water generally from deeper parts of the
bedrock in the vicinity of Massena, N.Y., are attributed
by R. C. Heath and E. H. Salvas (Art. 251) to sea wa-
ter that entered the rocks from the Champlain Sea,
which covered the area 4,500 to 7,000 years ago. The
sea water has been diluted but is not yet completely
flushed out.

Flood magnitudes

Mean annual floods are lower in streams flowing from
the northerly slopes of the Adirondack Mountains
than elsewhere in New York State. Snow constitutes
nearly half the yearly precipitation, lasts from early
fall to late spring, and releases moisture slowly. The
ratios of the 10-, 25-, and 50-year floods to the mean
annual floods are also the lowest in the State. In con-
trast, streams in the southeastern part of New York,
which also have small mean annual floods, have rela-
tively high ratios for 25- and 50-year floods. These in-
frequent large floods are caused by hurricanes and
coastal storms.
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Geologic studies and mapping are in progress in
many parts of the Appalachian region, and water re-
sources investigations are in progress in cooperation
with State agencies in every State in the region. In
addition to the results reported below, information on
mineral deposits in the region is given on pages A-3
and A—4 to A-5; information on the Watchung lava
flows in New Jersey on page A-77; and information
on the trace element content of soils and plants at
Canandaigua, N.Y., and in Washington County, Md.,
on pages A-94 to A-95.

Geologic mapping

Detailed quadrangle mapping by Bruce Bryant and
J. C. Reed, Jr., (1960) has definitely established that
the fault on the southeast side of the Grandfather
Mountain window, North Carolina, is continuous with
the fault that bounds the window on the north and west.
Reconnaissance by Bryant and Reed (Art. 316) has
demonstrated that the quartzite of the Stokes County
area, North Carolina, resembles that of the Chilhowee
group in the Grandfather Mountain window, rather
than quartzite of the Kings Mountain belt with which
it had been tentatively correlated. Structural relations
of the Stokes County area suggest that it also may be a
window.

Reconnaissance by J. C. Reed, Jr., H. S. Johnson, Jr.,
Bruce Bryant, Henry Bell III, and W. C. Overstreet
in the Brevard schist belt of the Carolinas and northern
Georgia has shown that the schist of this area is similar
to the retrogressively metamorphosed rocks of the
Table Rock quadrangle, previously mapped by Reed,
and that the Brevard belt marks a major fault, as sug-
gested earlier by Anna I. Jonas.

Overstreet and others (Art. 45) have recognized two
major unconformities in the metasedimentary rocks of
the South Carolina Piedmont. These unconformities
can be correlated between the Kings Mountain belt and
the Carolina slate belt. ILead-alpha age determina-
tions on zircon crystals from plutonic rocks that intrude
the rocks above and below these unconformities fall in-
to three groups, thereby establishing that the uncon-
formities were formed between Cambrian and Ordovi-
cian time and between Ordovician and Devonian time,

An interesting byproduct of geologic mapping in
the slate belt of North Carolina was the discovery by
A. M. White and A. A. Stromquist (Art. 118) of an
anomalous suite of heavy minerals in small tributary
streams of the Yadkin River in the High Rock quad-
rangle that probably were derived from remnant upland
deposits laid down by the ancestral Yadkin River.

Reconnaissance mapping by R. M. Hernon in north-
western North Carolina has yielded good evidence, in-
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cluding relict amygdules, shape of the mass, and
chemical composition, that the hornblende gneiss of
that area was derived mainly from basalt flows.

J. P. Minard (Art. 172) has mapped two belts of
previously unrecognized end moraines that extend
across Kittatinny Mountain, Sussex County, N.J. The
moraines and associated eskers form part of a discon-
tinuous belt across the northern part of the State.
They contain large amounts of sand and gravel suitable
for use in construction, and locally are important
ground-water reservoirs.

Structural and tectonic studies

P. B. King (Art. 41) has noted that mafic dikes of
Triassic age trend northwestward in the segment of
the Appalachians from Alabama to North Carolina,
northward in the Virginia segment, and northeastward
in the segment from Pennsylvania to New England.
This pattern suggests the orientation of crustal
stresses that existed in the Appalachian region during
Triassic time.

New insight into the structural history of the Mas-
cot-Jefferson City zinc district, Tennessee, is provided
by a structure contour map prepared by J. G. Bum-
garner, P. K. Houston, J. E. Ricketts and Helmuth
Wedow, Jr. The contours, drawn on the Rocky Valley
thrust surface and on several stratigraphic horizons in
the West New Market area, reveal that after the main
thrusting, late deformation along fold axes affected
both the stationary and thrust blocks as a unit and
folded the thrust surface.

L. D. Harris and Isidore Zietz have concluded from
detailed mapping and aeromagnetic data that the struc-
tural development of the Cumberland overthrust block
began with major folding that involved the basement
rocks.

R. W. Johnson, Jr., (1960b) has shown from inter-
pretation of aeromagnetic and gravity data over a
wide area in eastern Kentucky and Tennessee that
structural trends in the basement are only locally
coincident with those of Appalachian origin exposed at
the present surface. The general lack of coincidence
strongly suggests that the basement rocks beneath the
Cumberland Plateau (and probably also those beneath
the Ridge and Valley province) have their own struc-
tural fabric of pre-Appalachian origin, a fabric that
bears little if any direct relation to the overlying
Appalachian structures.

Aeromagnetic profiles in the vicinity of the Clark
Hollow peridotite intrusion, Union County, Tenn.,
compared by R. W. Johnson, Jr., (1961) with com-
puted anomalies for various selected models indicate
that the intrusive body is a nearly vertical or north-
west-dipping elliptical cylinder. Previously the body
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had been inferred from surface evidence to be a tabular
or lens-shaped mass along the southeast-dipping Wal-
len Valley fault. Structures within the plug suggest
that it was emplaced before the period of thrusting and
that its proximity to the Wallen Valley fault is
coincidental.

Geologic mapping and structural studies in the vi-
cinity of the Southern and Western Middle anthracite
coal fields by J. P. Trexler, G. H. Wood, Jr., and H. H.
Arndt (Art. 38), show that a previously unrecognized
low- to high-angle unconformity separates rocks of the
Catskill and Pocono formations in the western part of
the Anthracite region. The rocks below the uncon-
formity include the red-bed sequence at the top of the
Catskill, the upper part of which contains a sparse
flora of Early Mississippian age. These rocks were
folded and partly truncated before the basal conglom-
erate of the Pocono was deposited. The unconformity
at the base of the Pocono formation provides the first
structural evidence that the Acadian orogeny affected
the rocks of the Ridge and Valley province in eastern
Pennsylvania.

T. A. Simpson (Art. 43) has observed that systems of
open fractures associated with tight folds and major
faults determine the direction of ground-water move-
ment in the red-ore mines of the Birmingham district.
The distinctive parallelism of the northeasterly-trend-
ing folds and faults in the Birmingham district sug-
gests that both resulted from pressure from the south-
east. Studies of the joint systems and their relation
to the folds and faults also revealed a second stress-
field caused by north-south compression.

Stratigraphic studies in the Ridge and Valley province

The upper part of the Knox dolomite in Smyth
County, Va., is closely similar to the upper part of the
dolomite in the zine district of eastern Tennessee, as
shown by detailed studies by R. S. Young and Helmuth
Wedow, Jr. Moreover, in both areas the zinc and
barite deposits occur in the first major limestone unit
below the unconformity at the top of the Knox.

Geophysical study in the Maryland Piedmont

In the Rockville quadrangle, Maryland, Andrew
Griscom and D. L. Peterson (Art. 388) found that the
shape, size, and trend of bodies of mafic rock beneath
thick saprolite could be mapped by means of combined
aeromagnetic, aeroradioactivity, and gravity data.

Streamflow

The marked influence of environmental factors on
hydrology is illustrated by two recently completed
studies in Tennessee. C. T. Jenkins (1960a) found
that in Tennessee the mean annual flood is related to
drainage area by the equation @,.;=CA%", in which
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@)..: is by definition the mean annual flood having a
2.33-year recurrence interval, 4 is the drainage area,
and C is a coefficient representing the influence of many
physiographic, meteorologic, and other factors on the
relation between area and the mean annual flood.
Throughout the Blue Ridge and in the southeastern
part of the Ridge and Valley province, ¢ averaged 110.
In the northern part of the Ridge and Valley province,
it averaged 94. In spite of the greater precipitation
along the mountain ridges and the precipitous terrain
of the BlueRidge, these ' values are significantly lower
than the values of 145 and 170 reported for the Eastern
Plateau region to the west. W. R. Eaton (1960) related
annual 3-day minimum discharge to recurrence interval
on a number of streams throughout Tennessee and
found that streams have generally higher rates of base
flow in the Applalachian region than elsewhere in
Tennessee.

The average low-flow yields of streams in the portion
of the Appalachian region within North Carolina and
southern Virginia were found by G. C. Goddard, Jr., to
be as much as eight times greater than in the eastern
part of the Atlantic Coastal Plain. These results are
based on the annual seven-day minium flow having an
average recurrence interval of ten years. The average
low-flow yields of several streams in southwestern
North Carolina were 0.8 cubic feet per second per
square mile, whereas the low-flow yields of many
streams in the Atlantic Coastal Plain approached zero.

Sediment yield

Within the Appalachian region, J. W. Wark has
found significant differences in computed annual sedi-
ment yield between streams in the Ridge and Valley
province and in the Piedmont Plateau. In the Ridge
and Valley province, annual sediment yields are about
100 tons per square mile. In the Piedmont province
the yields are 200 or more tons per square mile. In
urban areas such as Washington, D.C., the yields are as
high as 1,000 tons per square mile.

ATLANTIC COASTAL PLAIN

Recent work on the Atlantic Coastal Plain has in-
cluded geochemical and petrographic investigations,
geologic mapping, and hydrologic studies as summa-
rized below. Information on phosphate and clay de-
posits is given on page A-5, information on paleonto-
logical work is given on pages A-59 to A—61, and infor-
mation on the rate of erosion on Martha’s Vineyard
on pages A-89 to A-90.

Geochemical and petrographic investigation in Florida

An earlier finding that extensive kaolinite deposits
originate as a subaerial weathering product of mont-
morillonite in the Bone Valley formation of Florida
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has been documented by Z. S. Altschuler by means of
X-ray, chemical, and electron microscope studies. The
alteration proceeds by acid leaching of Na, K, Ca, Si,
and P from the montmorillonite and associated marine
apatite, and the clay is transformed to kaolinite with-
out going through an intermediate phase. The coex-
tensive, very widespread Citronelle formation of
peninsular Florida is also dominantly kaolinitic and
markedly weathered. Because the Citronelle and the
Bone Valley formations have many features in com-
mon, it is likely that the kaolinite in the Citronelle is
also of epigenetic origin.

Geologic mapping

Detailed field mapping in New Jersey has led J. P.
Owens, J. P. Minard, and P. D. Blackmon (Art. 263)
into studies of the clay-sized sediments in the coastal
plain formations of New Jersey. The sediments con-
tain various clays in combination with finely com-
minuted minerals. The Hornerstown sand contains the
distinctive glauconite clay; the Vincentown formation,
calcite clay; the Kirkwood formation and Cohansey
sand, quartz clay; and the Wenonah formation, chlo-
rite clay. Montmorillonite is predominant in forma-
tions younger than the Manasquan. The clay deposits
indicate shallow marine to lagoonal and outer neritic
depositional environments.

Recent detailed field study and mapping of the Mount
Laurel sand of New Jersey by Minard and Owens
(Art. 173), supplemented by paleontologic studies by
Ruth Todd, show that the Mount Laurel sand is a well-
defined mappable unit throughout the State. A fauna
from the basal part of the sand contains fossils of
probable Navarro age. Fossils from the middle and
upper parts of the formation are definitely of Navarro
age, clearly indicating that the Mount Laurel belongs
in the Monmouth group. Minard and Owens correlate
the Kirkwood formation of Miocene age and Cohansey
sand of Miocene(?) age, with the Chesapeake group
and with the basal part of the Brandywine formation
in the Brandywine area of Maryland. The Kirkwood
is markedly similar to the deeply eluviated upper part
of the Chesapeake group. The Cohansey sand can be
recognized in both Maryland and Virginia.

Hydrologic studies

As part of a study of the hydrology of the Coastal
Plain of southeastern North Carolina, H. E. LeGrand
(1960a) has described three major aquifers that occur
in the thick sequence of Coastal Plain sediments.
These are: (a) sandstone beds in formations of Cre-
taceous age, which contain fresh artesian water in the
west half of the area studied and salt water in the east
half, (b) Tertiary limestone beds, which also contain
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artesian water, and (c) shallow surface sands, which
contain water in reach of shallow drive-point wells.
At least two of these aquifers are believed to be available
in any part of the area.

The fluctuations of sea water in estuaries along the
North Carolina coast under varied conditions of tides,
winds, and river discharge have been examined by T. I
Woodard and J. D. Thomas (1960). During October
and November 1957, the beginning of the 1958 water
year, salt water appeared at the following places:
Chowan River near Edenhouse, Pasquotank River at
Elizabeth City, Perquimans River at Hertford, and
Albermarle Sound near Edenton. The Trent River
near Rhems showed salt-water encroachment during
October, November, August, and September. Salt
water was present in the Neuse River at New Bern dur-
ing all months except April and May. During periods
of normal flow a salt-water body remains at New Bern
until a high flow flushes out the salt water.

The piezometric levels of the Cretaceous sand
aquifer of the Savannah River basin indicate to G. E.
Siple (1960a) that recharge to the aquifer occurs in the
topographically high areas east of Aiken, S.C., and
southwest of Augusta, Ga. A pronounced depression
on the piezometric surface near the Savannah River
downstream from Augusta indicates ground-water
discharge extending from Augusta downstream to the
vicinity of the Aiken-Barnwell County line.

According to J. W. Stewart and M. G. Croft (1960),
artesian pressures in the coastal counties of Georgia
have declined about 10 to 90 feet since 1943, owing to
increased use of ground water for industrial, municipal,
and domestic supplies. In 1957 an estimated 279 mgd
(million gallons per day) of ground water was dis-
charged in the coastal counties; this amount is about
twice that of 1943. The largest withdrawal of ground
water was in the Brunswick area, where an estimated
90 mgd was discharged in 1957. Large and well-
defined cones of depression occur in the piezometric
surface in the Savannah, Brunswick, Jesup, and St.
Marys-Fernandina areas. The largest and deepest
cone is in the Savannah area, where the piezometric
surface is as much as 120 feet below sea level. In the
Brunswick area the piezometric surface outside the
area of heaviest pumping, is 10 feet above sea level,
but the deepest part of the cone probably is as much
as 30 to 50 feet below sea level. In this area, the
reduction of head by pumping has resulted in an
encroachment of connate salt water from deeper lime-
stone aquifers. J. W. Stewart (1960) found that water
from the deepest wells contains the largest amount
of chloride, and that water from several shallow wells
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has shown a significant increase in chloride content
in recent years.

G. W. Leve (1961) has observed that the piezometric
surface in the Fernandina area of northeastern Florida
has declined 10 to 60 feet during the period 1880-1960.
The ground-water pumpage in the area does not at
present exceed the perennial yield of the aquifer, and
only slight increases in the salt content of the water
have been noted. In Volusia County most, if not all,
of the fresh water in the Floridan aquifer is derived
from rain falling in the recharge areas within the
county, according to G. G. Wyrick (1960a). Strati-
fication in the Floridan aquifer retards or prevents the
upward movement of salt water. In contrast, in
Martin County, W. F. Lichtler (1960) has found that
there are zones of relatively fresh and salt water in the
Floridan aquifer. Salt-water encroachment into the
shallow nonartesian aquifer has not been extensive, but
it is a threat in areas near bodies of salt water.

Hydrologic studies near Fort Lauderdale, Fla., are
summarized on page A-93.

EASTERN PLATEAUS

Recent geologic and hydrologic work of general inter-
est in the Eastern Plateaus is described below. Much
of this work is carried on in cooperation with State
agencies. Work on clay in Kentucky is described on
page A-5, and work in the Kentucky-Illinois mining
district on page A-3.

Geologic mapping in Kentucky

In south-central Kentucky, R. E. Thaden and others
(Art. 39) have delineated limestone reefs in the Fort
Payne formation of Early Mississippian age. The
reefs, which trend generally N. 65° to 80° W., range
in size from small isloated lenses to thick bodies as
much as a mile wide and 15 miles long. The reefs are
of potential interest for petroleum as the Fort Payne
has produced small amounts of oil and natural gas in
some areas.

During mapping and study of coal-bearing strata in
the Kermit and Varney quadrangles, eastern Kentucky,
J. W. Huddle and K. J. Englund have found that sand-
stone members in the upper part of the Breathitt forma-
tion of Early Pennsylvanian age are complex channel-
in-channel deposits formed by meandering streams. As
these streams shifted course across the coal-forming
swamps they reworked previously deposited sand and
plant debris. An understanding of the sedimentolog-
ical history of these sandstones will aid in predicting the
persistence and thickness of the underlying coal beds.

Geologic mapping by K. J. Englund (Art. 177) in
the southwestern part of the Cumberland overthrust
block in the Middlesboro area of southeastern Ken-
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tucky, demonstrates that the Cumberland overthrust
has been divided into subsidiary blocks by the Rocky
Face fault and associated faults. Strike-slip move-
ment along the Rocky Face fault is 1 to 2 miles. At
its southeast end, the Rocky Face fault intersects a
thrust fault with a similar amount of displacement
toward the southeast. The rectangular subsidiary
block delineated by this thrust fault on the southeast,
the Pine Mountain thrust fault on the northwest, the
Rocky Face strike-slip fault on the northeast, and the
Jacksboro strike-slip fault on the southwest has rotated
relative to the remainder of the Cumberland overthrust
block.

Quaternary geology of the lower Ohio River Valley

Continued studies by L. L. Ray indicate that ice sheets
of two ages crossed the Ohio River Valley into Kentucky
between Louisville and Mentor. The most widespread
till, deposited during the first of these two glacial in-
vasions of Kentucky, has been assigned to the Kansan
stage primarily because of its deep alteration by
weathering. The second ice sheet has been assigned to
the Illinoian stage. Small patches of this younger till
indicate that the ice crossed the Ohio Valley at several
places and pushed small tongues into the lower parts of
valleys tributary to the Ohio.

Geologic history of Teays Valley, West Virginia

E. C. Rhodehamel and C. W. Carlston have concluded
that Teays Valley in West Virginia was probably aban-
doned as a major stream channel in late Tertiary or
early Pleistocene time, and then was subjected to pro-
longed weathering. Owing to ponding, probably in
Kansan time, laminated silty clay was deposited in the
east-central part of the valley, and sand in the remain-
der. These deposits are now deeply eroded. Probably
during Tllinoian time, ponding at a lower level resulted
in deposition of silty clays in the western part of the
valley. During a brief ponding in Wisconsin time, a
veneer of ice-rafted pebbles was deposited.

Paleontologic studies

According to J. M. Schopf (Art. 95), coal balls
found at three localities in eastern Kentucky are the
oldest known in America and the first observed in the
Appalachian coal fields. The coal balls occur in the
marine Magoffin beds of Morse ° of early Middle Penn-
sylvanian (late Kanawha) age. They consist of lime-
stone with more than 90 percent calcium carbonate and
about 10 percent plant substance, including many new
fossil plants. Coal balls supply important data on the
mode of accumulation of coal, and on structure and
history of ancient plants.

5 Morse, W. C., 1931, Pennsylvanian invertebrate fauna: Kentucky
Geol. Survey, ser. 6, v. 36, p. 293-348.
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Hydrologic studies in Kentucky

A study of the geochemistry of natural waters of
Kentucky, by G. E. Hendrickson and R. A. Krieger
(1960), has revealed a recurring pattern in the rela-
tion of chemical quality of water to stream discharge.
Modifications in this pattern reflect differences in the
hydrology and geochemistry of the basins.

In a study of the occurrence of ground water in
the Blue Grass region of Kentucky, W. N. Palmquist,
Jr., and F. R. Hall (1961), observed that only 6 percent
of the domestic wells in valley bottoms were failures,
whereas 35 percent of the hilltop wells failed to yield
an adequate supply.

In the Mammouth Cave area, Kentucky, G. E.
Hendrickson (Art. 308) has found that under certain
conditions about 60 percent of the water discharged at
Echo River outlet is derived from local ground water
and 40 percent from the Green River.

The effects of oil field brines and acid mine waters on
the composition of Kentucky streams is described on
page A-T6.

Flood frequency areas in New York

According to F. L. Robison, the Eastern Plateau
region of New York can be divided into three flood-
frequency areas. The ratios of 10, 25, and 50 year
floods to the mean annual floods in the Tug Hill area
east of Lake Ontario are very high, whereas the mean
annual floods are near the median value for the State.
In the Delaware River basin, both the ratios of the
longer term floods and the mean annual floods are near
the median values. In the rest of the region the longer
term ratios are small and the mean annual floods range
from high values to some of the lowest.

The results of other hydrologic investigations in the
Eastern Plateaus region are given on pages A-92
and A-93.

SHIELD AREA AND UPPER MISSISSIPPI VALLEY

Results of recent geologic, geophysical, and hydro-
logic studies in the Shield area and in the Upper
Mississippi Valley are described in the following para-
graphs. Much of this work is carried on in cooperation
with State agencies. Additional information on lead-
zinc deposits is given on page A-3.

Geologic studies and mapping

The ores in the Wisconsin zinc-lead district were
deposited by concentrated brines rich in sodium,
calcium, and chlorine, and lean in carbon dioxide,
according to preliminary data by W. E. Hall, I. 1.
Friedman, A. V. Heyl, Jr., and M. R. Brock. Temper-
ature of the solutions was about 100°C. (See p. A-96.)

Minor elements and heavy mineral phenocrysts in
volcanic ash of eastern Nebraska and western Iowa are
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reported by R. D. Miller, E. J. Young, and P. R.
Barnett as supporting correlation of the deposits with
ash of late Kansan-early Yarmouth age elsewhere in
Nebraska and in Kansas.

Lower and middle Precambrian rocks that underlie
the Kelso Junction quadrangle, Iron County, Mich.,
have been found by K. L. Wier to differ from related
rocks to the southeast in the following ways: (a) Meta-
gabbro of the West Kiernan sill is more extensive, (b)
the metavolcanic Hemlock formation is thicker and
contains proportionally more pyroclastic material, and
(c) the iron-bearing Amasa formation is practically
nonmagnetic.

Rocks in part of southern Florence County, Wis.,
are believed by C. E. Dutton to be a previously unrec-
ognized upper part of the Michigamme slate of middle
Precambrian age because of their apparent relation to
rocks in Dickinson County, Mich. An assemblage of
phyllite, chlorite and biotite schists, amphibolite, grun-
eritic iron-formation, conglomeratic quartzite, quartz
slate, and volcanic agglomerate is approximately 2,500
feet thick. Some lithologic units crop out along a
strike length of almost 8 miles.

In a study of the Marquette iron-bearing district,
Michigan, J. E. Gair, R. E. Thaden, and B. J. Jones
(Art. 178) have discovered that a synclinal fold at the
east end of the district contains strata older than the
ore-bearing Negaunee iron-formation. As the fold
plunges eastward, the iron formation may exist beneath
Lake Superior and the Paleozoic rocks of adjoining
areas. At the east end of the Marquette district the
Kona dolomite of middle Precambrian age is silicified
near some sedimentary and fault contacts in a way that
suggests that silica was introduced laterally or upward,
rather than downward from an erosional surface
(Art.179).

Streams in sandstone differ from those of the same
discharge in till by greater wavelength of meanders
(more than 5:1), wider channels, steeper longitudinal
profiles, lesser depths, and coarser bed material. These
contrasts were recognized by J. T. Hack during a study
near Ontonagon, Mich., where stream valleys in some
places have been cut through interbedded till and lake
deposits into preglacial topographic highs composed of
standstone of Keweenawan age.

Geophysical surveys

In parts of Ohio (Geauga, Wayne, Muskingum, Ross,
and Montgomery Counties), where glacial till conceals
the underlying bed rock, R. M. Hazlewood has deter-
mined the depth to bed rock and the location of buried
valleys quickly and easily by seismic refraction work.
In one area the depth computed seismically was within
1144 percent of that measured in a test drill hole.
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According to an interpretation of aeromagnetic data
by J. W. Allingham and R. G. Bates (Art. 394), a
syenite complex northwest of Wausau, Wis,, is intruded
by a circular plug that may be of alkalic composition.
Spectrographic analyses have shown concentrations of
niobium and rare earths in rocks of the syenite complex.

In an area near Florence, Wis., C. E. Dutton and R.
W. Johnson, Jr., have reconciled the results of aero-
magnetic and geologic surveys. The study shows that
anomalies with elongate contour patterns are mainly
parallel to thin magnetite-bearing beds or lenses in
metamorphosed sedimentary or voleanic rocks. Some
anomalies of circular to elliptical pattern are related
to concentrations of magnetite of undetermined origin
in conglomerate, argillite, or thinly bedded phyllite;
others are in localities where geologic data are un-
available.

Geophysical surveys in Minnesota are described on
page A-68.

Hydrologic studies

W. D. Mitchell (Art. 6) has developed a method of
calculating peak flows of streams affected by artificial
storage and having only partial record stations. The
method applies to sites where storage is proportional to
the outflow discharge but possibly can be expanded to
include sites where storage is not proportional.

A method of estimating flood magnitudes and fre-
quencies in Ohio, based on soil and topographic charac-
teristics of drainage areas, has been devised by W. P.
Cross and E. E. Webber.

F. A. Watkins and J. S. Rosenshein (1960) have
found that about 30,000 gallons of water per day moves
under natural gradients through each mile-wide strip
of the dolomitic limestone of Silurian age underlying
the Bunker Hill Air Force Base near Peru, Ind.
Recharge is through the overlying glacial drift.

According to W. L. Steinhilber, O. J. Van Eck, and
A. J. Feulner, the St. Peter sandstone in Clayton
County, Towa, is not recharged by the Mississippi River
as was previously thought but, on the contrary, the sand-
stone discharges water to the river. Recharge to the St.
Peter is by percolation from the overlying Galena
dolomite.

Floods of May 1959, in the Au Gres and Rifle River
basins, Michigan, according to L. E. Stoimenoff. (1960),
resulted in the highest unit discharges for areas less than
15 square miles ever measured in the lower peninsula
of Michigan.

Robert Schneider and H. G. Rodis have found that
the sand and gravel aquifers of Lyon County, Minn.,
are glacial outwash deposits that parallel the moraines
but are thickened along southeast-trending channels.
Some of the outwash was overridden by readvances of
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the ice and where the drift is thick the aquifers may
have no topographic expression.

According to W. C. Walton and G. D. Scudder (1960),
pumpage of ground water in the Fairborn area of Green
County, Ohio, can be increased from the present 6.5
million gallons a day to 50 million gallons a day without
seriously affecting ground-water levels. Such an in-
crease would induce infiltration of water into extensive
outwash deposits along the Mad River. The river has a
base flow of about 150 million gallons a day.

Tracing of till sheets in northeastern Ohio by G. W.
White (1960 and Art. 176), hasled to the recognition by
S. E. Norris and G. W. White (Art. 17) of many buried
valleys. These valleys, cut into older glacial drift and
filled with younger drift, have an important bearing on
the occurrence of ground water. A map of the glacial
deposits of ‘Ohio, recently completed by R. P. Gold-
thwait and others, will greatly aid in the application
of glacial geology to water resources investigations.

Sediment yields during the floods of early 1959 in
Ohio were low for the rate of streamflow because
the ground was frozen and consequently was more
resistant to erosion. R.J. Archer (1960) reported that
in the floods of January 1959, sediment yields exceeded
200 tons per square mile in the Scioto River basin. In
the floods of February 1959, the sediment yield in the
Maumee River basin above Waterville was 121 tons per
square mile.

Studies of Paleozoic aquifers in Fond du Lac County,
Wis., by T. G. Newport indicate that a decline of as
much as 200 feet in water levels at Fond du Lac can be
relieved by placing new wells to the northwest, toward
the recharge area, and by utilizing water from the
Niagara dolomite to the east.

Other hydrologic studies in the region are reported
on Pages A-92 and A-93.

GULF COASTAL PLAIN AND MISSISSIPPI
EMBAYMENT

Geologic and hydrologic investigations in the Gulf
Coastal Plain and Mississippi Embayment are both re-
gional and local in scope. They have supplied data that
have contributed much to economic development as
well as to knowledge of the regional geology. Some
of the more significant results of these studies are de-
scribed below. The origin of uranium deposits in
Karnes and adjoining counties, Texas, is discussed on
page A-T.
Correlation of the Carrizo sand in central Mississippi Embay-
ment

By the use of electrical logs, R. L. Hosman has traced
the Carrizo sand, the basal unit of the Claiborne group
in Arkansas, from Louisiana northward into Arkansas
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along the strike and thence eastward across the axis
of the Mississippi structural trough into Mississippi.

Pliocene(?) stratigraphy of the northern Mississippi Embay-
ment

During the course of geologic investigations in the
southern part of the Jackson Purchase area of western
Kentucky, being conducted in cooperation with the
Kentucky Geological Survey, W. W. Olive, R. W.
Dayvis, and T. W. Lambert have found that fluvial sedi-
ments previously mapped as the Lafayette formation of
Pliocene age and as sand and gravel of Pliocene and
Pleistocene ages comprise a sequence consisting of a
lower and an upper unit composed dominantly of gravel
and sand, and a middle unit consisting mainly of clay
beds. The maximum thickness of the sequence is about
80 feet. The lower and upper gravel units are as
much as 40 and 20 feet thick, respectively, and the clay
unit is from 5 to 40 feet thick. These deposits lie on
an erosion surface of gentle to moderate relief cut in
older Tertiary sediments. The basal unit thins, grades
into sand, or is absent above the crests of buried hills.

Effects of Pleistocene and Recent weathering of Tertiary
sediments

According to I. G. Sohn, S. M. Herrick, and T. W.
Lambert (Art. 94), calcareous foraminiferal shells from
Paleocene strata near Paducah, Ky., have been replaced
by a zeolite and possibly barite. Microfaunas are rare in
these rocks and this fact plus the fact that the CaCO;
has been replaced by relatively insoluble minerals pro-
vide indirect evidence to support a previous suggestion
that prolonged leaching has removed calcareous
material from Cretaceous and Tertiary rocks of the
northern Mississippi Embayment.

In the uranium-producing area of southeast Texas,
A. D. Weeks has also observed that weathering of Ter-
tiary sediments has resulted in the formation of zeolites.
Other weathering effects in this area include the forma-
tion of a caliche crust of calcium carbonate in the soil
and the release of silica from tuffs. The released silica
has cemented sands to form orthoquartzites.

Ground-water storage

In the San Antonio, Tex., area a long drought was
broken by rains in 1957-58, and as a result the water
levels in many parts of the aquifer in the Edwards
limestone recovered from a record low in 1957 to a near
record high in the spring of 1961. On the basis of this
measured rise in water level, Sergio Garza estimates
nearly 2 million acre-feet of water was added to storage
in the ground-water reservoir between 1957 and 1961.

A. H. Harder reports that 212 billion gallons of
ground water was pumped for all purposes from the
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main aquifer in the rice-farming area of southwestern
Louisiana during 1959. In spite of this large annual
withdrawal, the weighted-average water level computed
for the entire area has not been lowered but has
remained virtually the same since 1955.

New sources of ground water

Separate investigations in northeastern Mississippi
and west-central Alabama indicate that large ground-
water supplies may be available from the Tuscaloosa
group of Cretaceous age. A newly drilled well near
Columbus, Miss., flowed 2,300 gpm from the aquifer
of Cretaceous age. Electrical logs and water samples
from oil-test wells show that fresh water occurs to a
depth of about 2,000 feet in the Tuscaloosa group of
west-central Alabama.

As a result of the hydrologic studies made on behalf
of the Atomic Energy Commission to improve tech-
niques for detecting underground nuclear explosions, at
least four fresh-water aquifers in Miocene and Oligo-
cene strata have been discovered near the Bruinsburg
and Tatum salt domes in Mississippi. Another aquifer
contains salt water and may be used for brine disposal
if mining in the salt domes by solution methods is
undertaken.

Roy Newcome, Jr. (1960), has shown by hydrologic
tests that the alluvial aquifer along the Red River in
Louisiana is capable of supplying much larger
quantities of water than believed previously.

G. T. Cardwell and J. R. Rollo (1960) report that
the shallow-point bar deposits of Recent age along the
Mississippi River south of Baton Rouge, La., are a
potential source of fresh water but are virtually un-
tapped. Although the deposits are fine grained they
are in hydraulic connection with the river and would
yield a dependable supply of water.

Occurrence of salt water

J. R. Rollo (1960) has used electrical logs and com-
pletion data on oil and water wells to construct a fence
diagram and a contour map showing the altitude of the
base of fresh water and its relation to the subsurface
geology in Louisiana. The contact between salt and
fresh water reflects regional as well as many minor geo-
logic structures.

Although invasion of salt water was not extensive
along the Gulf Coast during 1961, water from wells in
the Houston and Galveston areas, Texas, showed
slightly increased mineralization. G. T. Cardwell re-
ported an increase in chloride content of water in a
Pleistocene aquifer in Ascension Parish, La., caused
by increased withdrawals.
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OZARK REGION AND EASTERN PLAINS

Recent work in the Ozark Region and Eastern
Plains, carried on in part in cooperation with State
agencies, has yielded a considerable amount of geologic
and hydrologic information of regional significance,
which is summarized below. Additional information
on evaporite deposits in New Mexico is given on pages
A-6 and A-7, and information on coal in Arkansas is
given on page A-8.

Aeromagnetic studies in northeastern Arkansas and south-
eastern Missouri

Aeromagnetic data indicate that the crystalline base-
ment is about 1 mile below the surface at the point
where the White River crosses the Ozark escarpment
near Newport, Ark. In Stoddard County, Mo., mag-
netic data indicate that the basement is about 3,000
feet below the surface.

Arkoma basin, Arkansas and Oklahoma

Subsurface studies by E. E. Glick, B. R. Haley, E. A.
Merewether, and S. E. Frezon indicate that within the
Arkoma basin in Arkansas and Oklahoma the Atoka
formation of Pennsylvanian age contains as many as
4 thin beds or zones of bentonite. The areal and strati-
graphic distribution, and the mineralogy of these beds
indicate that they will be useful in studies of the depo-
sitional history of the Atoka formation and of the
developmental history of the basin (Frezon and Schultz,
Art. 181).

Atoka formation in the Arkansas Valley, Arkansas

The Atoka formation of Pennsylvanian age in the
central part of the Arkansas Valley, Ark., increases in
thickness from about 3,050 feet in northern Johnson
County to about 10,750 feet in northern Yell County, a
distance of 28 miles. E. A. Merewether (Art. 182)
has reported that the southward thickening results
largely from an increase in the shale units in the
formation.

Development of the Fredonia anticline in Wilson County,
Kansas

Analysis of measured sections and well records in
Wilson County, Kans., by H. C. Wagner has shown
that uplift on the Fredonia anticline began in Missis-
sippian time and continued intermittently through
Pennsylvanian time. The uplift controlled, to some
degree, places of accumulation of sand and limestone
debris, which later served as petroleum reservoirs.
Movement on the Fredonia anticline during Late
Pennsylvanian time is well documented in measured
surface sections.
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Austin chalk, Val Verde and Terrell Counties, Texas

The concept of a widespread hiatus at the base of the
Austin chalk is not supported by findings of V. L. Free-
man (1961), who reports that neither a depositional
or erosional break nor a faunal gap is present at the
base of the unit in Val Verde and Terrell Counties, Tex.
In addition, the lowest beds assigned to the Austin
chalk, previously considered to be of Coniacian age, are
now considered by Freeman to be of Turonian age.

Movement underground of artificially-induced brine

As part of a study of the geology and water resources
of Cowley County, Kans., C. K. Bayne has obtained
data on the movement of underground water. More
than 30 years ago a moderate amount of highly mineral-
ized oil field brine was discharged by means of a well
into an aquifer in terrace deposits in the Arkansas River
valley near Winfield. This brine is now moving down
the valley as a discrete body at a rate of about a quarter
of a mile per year.

Buried valley near Manhattan, Kansas

According to H. V. Beck (Art. 351) a buried valley
northwest of Manhattan, Kans., was occupied by the
Kansas River in pre-Kansan time and possibly as late
as Illinoian time. Later, the Kansas River changed its
course when a meander cut through the area between
Bluemont Hill and K Hill. The gravel in the buried
valley is an important source of ground water.

Depressions on the High Plains

As part of a study of artificial recharge, test holes
were drilled across closed depressions on the High
Plains. They show that the caliche caprock generally
present beneath the surface of the plain dips toward
the centers of the depressions, thins from the outer
margins toward the centers, and is absent at the cen-
ters. J. S. Havens (Art. 52) has therefore concluded
that the depressions have been caused by solution of
the caliche caprock and have been further deepened
by removal of sand by deflation.

Salt water and halite at shallow depths in Oklahoma

Recent work by P. E. Ward and A. R. Leonard (Art.
341) has shown that salt and salt water underlie large
areas in western Oklahoma at shallow depths. The
salt, which occurs as beds, lenses, and stringers of halite
interbedded with Permian shale, siltstone, dolomite,
and gypsum, is within 200 feet of the land surface in
a few places in northwestern and southwestern Okla-
homa, and at one place in Woods County it was found
at a depth of 70 feet in a core hole.

Although shallow mineralized salt water is associ-
ated with halite in many places, it occurs in the absence
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of halite in many others. Around some geologic struc-
tures, the depth to salt water changes markedly within
short, distances. Maps being compiled by D. L. Hart,
Jr., show that the depth to salt water in one place in
south-central Oklahoma increases from 400 feet to
1,100 feet in a distance of 4 miles. In many places,
salty water is within 200 feet of the land surface, par-
ticularly in western Oklahoma.

In contrast to the shallow salt water, potable ground
water extends to depths of a few hundred feet in several
of the red-bed sandstones of Pennsylvanian and Per-
mian age. In the Arbuckle limestone in south-central
Oklahoma, fresh ground water extends to depths of
more than 2,500 feet.

Water withdrawal in Reeves County, Texas

According to William Ogilbee and J. F. Wesselman,
water for irrigation in Reeves County, Tex., is being
withdrawn from the aquifer at a much greater rate
than the rate of recharge. The number of irrigation
wells in the county has increased from 60 in 1946 to
more than 900 in 1959. The water levels in the heavily
pumped area have declined persistently since 1946, the
maximum decline being about 200 feet. In 1958, about
40 million acre-feet of water remained in storage, but
only a part of this water is available to wells.

Aquifer filled in Haskel and Knox Counties, Texas

William Ogilbee and F. L. Osborne, Jr., have re-
ported that the Seymore formation in Haskel and
Knox Counties, which 60 years ago contained only
small quantities of saline water near the base, is now
completely filled. The Seymore formation is a thin
alluvial deposit overlying red beds of Permian age.
The rise in the water level is attributed to the beginning
of cultivation and the consequent removal of the large
growth of mesquite and other phreatophytic vegetation.

Reservoir evaporation

As part of a study of evaporation and seepage losses
from reservoirs in the Honey Creek basin, 35 miles
north of Dallas, Tex., F. W. Kennon (Art. 50) has con-
cluded that the average annual evaporation for a
typical small reservoir is 5.1 feet. The average annual
precipitation for the period 1953-59 was 2.9 feet.
Hence, the net annual evaporation loss was 2.2 feet.

NORTHERN ROCKIES AND PLAINS

Geologic, geophysical, and ground-water studies are
being carried on in the Northern Rocky Mountains and
Plains in many areas of widely different characteristics.
Some of the recent findings resulting from these studies
are summarized below. Additional information on
mineral deposits is given on pages A-1 to A-8. The
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origin of carbonatites in the Bearpaw Mountains,
Mont., is discussed on page A-77, and the isotopic com-
position of lead in major ore deposits in the region is
discussed on page A-96.

Geologic studies in northeastern Washington and northern
Idaho

According to R. G. Yates the lead-zinc deposits in the
Northport mining district, northern Stevens County,
Wash.,, are thermally related to, but not necessarily
derived from, the Spirit pluton, a granodiorite mass of
probable Cretaceous age.

In the Hunters quadrangle, mapping by A. B. Camp-
bell indicates that the Old Dominion limestone of
Weaver ¢, equivalent at least in part to the Cambrian
Metaline limestone, overlaps the Maitlen phyllite from
north to south. New paleontologic evidence suggests
that the Old Dominion is younger in the vicinity of
Hunters, Wash., than rocks of the same lithologic
facies farther north.

In the Mount Spokane and Greenacres quadrangles
and in adjacent areas, A. E. Weissenborn, P. L. Weis,
and V. C. Fryklund have recognized Belt rocks of
Precambrian age. This occurrence is farther west than
any recognized previously. In the Mount Spokane
quadrangle, Weissenborn has shown that meta-autunite
is restricted to a muscovite-quartz monzonite in which
mafic minerals are sparse or absent,

In the Clark Fork area of Odaho, J. E. Harrison
and others (Art. 67) attribute mosaic block faulting in
Belt rocks to vertical adjustment of the crustal rocks
during emplacement of a granodiorite batholith in
Cretaceous time. The existence of the still-buried
batholith is indicated by positive magnetic anomalies,
by scattered outcrops of small stocks, and by small
areas of higher grade metamorphism in the Belt rocks.

Geologic studies in central Idaho

In the vicinity of the northwest margin of the Idaho
batholith, Anna Hietanen (Art. 345) has found that
the grade of metamorphism in the country rocks in-
creases progressivly towards the batholith from the
greenschist facies to the amphibolite facies. In general,
the type of folding also changes with increasing
metamorphic grade—open folds are typical of the
greenschist facies, and isoclinal flow folds are typical
of the amphibolite facies near the batholith.

In a study of the Idaho batholith in the Yellow Pine
quadrangle, B. F. Leonard has recognized a small out-
lier of Challis volcanics of Tertiary age near Riordan
Lake, about 10 miles farther southwest than this unit
of flow and pyroclastic rocks had been traced previ-
ously. Heat and solution from the volcanic mass have

¢ Weaver, C. E., 1920, The mineral resources of Stevens County:
Washington Geol. Survey Bull. no. 20.
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caused mild argillization of the underlying granodiorite
of the Idaho batholith, and have induced retrograde
metamorphism in sillimanite-biotite schist and marble
inclusions in the granodiorite.

Four glacial stages, one probably of early Pleistocene
age, have been recognized by E. T. Ruppel and M. H.
Hait, Jr., (Art. 68), in the central part of the Lemhi
Range, and the relation of deposits laid down during
these stages to landforms suggests the presence of
remnants of a preglacial pedimentlike surface. The
central part of the Lemhi Range is underlain mainly
by Precambrian and early Paleozoic rocks that are
folded into a large overturned anticline and broken
by a number of west-dipping overthrust faults.

Geologic and geophysical studies in western Montana

In the western part of the Sun River Canyon area,
M. R. Mudge reports the presence of a western facies
of the Ferdig shale member of the Upper Cretaceous
Marias River shale. The western facies is dominantly
fine- to medium-grained sandstone with minor amounts
of interbedded mudstone, whereas the eastern facies is
mainly silty mudstone with minor amounts of inter-
bedded fine-grained sandstone. A slightly different
fauna occurs in each facies. The western facies is simi-
lar in lithology and fauna to the Cardium standstone of
Alberta.

In the Wolf Creek area, R. G. Schmidt (Art. 211)
has recognized a low-angle fault called the Cobern
Mountain overthrust. Along this fault, rocks of the
Two Medicine formation of Late Cretaceous age and
overlying rocks of the Adel Mountain volcanics of
Lyons ” have been thrust northeastward upon younger
rocks of the Adel Mountain volcanics. In the vicinity
of Cobern Mountain the net slip along this fault is more
than 2 miles and the fault plane is folded. The struc-
tural relations along the Cobern Mountain overthrust,
together with the occurrence of fossils of supposed
Horsethief age beneath rocks of the Adel Mountain
volcanics (notably at Cobern Mountain), indicate that
the Adel Mountain volcanics are probably equivalent to
part of the Saint Mary River formation of Late Cre-
taceous age and are thus considerably younger than the
volcanic rocks of the Two Medicine formation.

Geophysical studies by W. T. Kinoshita and W. E.
Davis in the Townsend Valley and Three Forks basin
indicate that most of the major structural features
known from surface mapping are outlined by magnetic
anomalies associated with igneous and metamorphic
rocks. A strong anomaly in the eastern part of the
Townsend Valley shows that the Lombard overthrust
extends northward beneath the Cenozoic fill in the valley

7Lyons, J. B., 1944, Igneous rocks of the Northern Big Belt range,
Montana : Geol. Soc. America Bull,, v. 50, no. 4, p. 449, 452.
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to join with thrust faults along the west flank of the
Big Belt Mountains sputheast of Canyon Ferry. An-
other anomaly in the western part of the Three Forks
basin indicates that the Jefferson Canyon thrust fault
swings northeastward to join a thrust zone a few miles
southwest of Three Forks junction. The magnetic
anomalies also indicate that the anticlines exposed in
the Limestone Hills and the Hossfeldt Hills are parts
of a continuous structure, the southern part of which
has been offset eastward about 2 miles, probably along
a series of northwest-trending faults.

Near Livingston, the Madison group has been shown
by A. E. Roberts (Art. 126) to be a carbonate sequence
of many marine cycles alternating between calcium
and magnesium deposition during Kinderhook, Osage,
and Meramec time. Insoluble residue samples from the
upper member of the group contain a phosphate-sul-
phate mineral suggesting a lithofacies relation with
evaporite-dolomite rocks of the Charles formation
farther northeast.

In the Greenhorn and Gravelly Ranges, west of the
Madison River, the Precambrian and Paleozoic rocks
have been displaced several miles, according to J. B.
Hadley. In the northern part of the Gravelly Range,
Hadley has found remnants of thin rhyolite ash flows,
in part welded, that may be marginal deposits of the
Tertiary Yellowstone volcanic province.

In the Highland Mountains south of Butte, M. R.
Klepper and H. W. Smedes have mapped three well-
defined east-trending plutons in the southern part of
the Boulder batholith. The batholith margin in this
area apparently was controlled in large part by an east-
trending prebatholith fault zone, along which the
plutons were emplaced.

At the eastern border of the Idaho batholith, in the
headwaters of the West Fork of the Bitterroot River,
geologic mapping by R. L. Parker has shown that
phyllite, quartzite, and schist (believed to be part of
the Precambrian Belt series) grade into gneiss along
a contact that parallels the schistosity in both the gneiss
and the schist. Apparently both the gneiss and the
schist were formed from Belt rocks by metamorphism
that accompanied emplacement of the Idaho batholith,
and the gneissic rocks, therefore, are not pre-Belt
metamorphic rocks as had been supposed previously.

Alternative hypotheses on deformation accompanying the
Hebgen Lake earthquake, Montana

Studies in the vicinity of Hebgen Lake since the dis-
astrous earthquake of August 17, 1959, have led to two
somewhat different hypotheses to account for the ob-
served deformation. The dual-basin hypothesis, set
forth by I. J. Witkind (Art. 346), suggests that two
separate basins were simultaneously deformed by re-
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newed movement along existing range front faults
bordering northwest-trending tilted fault blocks. The
single-basin hypothesis, proposed by W. B. Myers and
Warren Hamilton (Art. 347), sugests that the strue-
tures of the east-trending Centennial Range and Valley
are being extended across the north- and northwest-
trending structures of the Madison Range and flanking
valleys, to define a new structural basin that ends ob-
liquely and abruptly against reactivated northwest-
trending faults northeast of Hebgen Lake.

Geologic and geophysical studies in the Bearpaw Mountains,
Montana

Geologic mapping by B. C. Hearn, Jr., and W. C.
Swadley in the southeastern part of the Bearpaw Moun-
tains has disclosed a ringlike belt of intrusive igneous
rocks and severely deformed volcanic and sedimentary
rocks 3 to 5 miles wide surrounding a central area of
about 15 square miles that is less deformed and is almost
devoid of igneous rocks. In the ringlike belt, collapse
faults are common. The aggregate stratigraphic dis-
placement on some of the faults is as much as 9,000 feet.

In the western Bearpaw Mountains, K. G. Books has
found a close association between magnetic anomalies
and topographic highs, which he believes indicates a
relatively thin cover of volcanic rocks. This conclusion
is supported by rock thicknesses calculated from rem-
anent magnetic data.

Geologic and geophysical studies in parts of Wyoming, south-
eastern Idaho, and northeastern Utah

In the northwestern part of Park County, Wyo., W.
G. Pierce has mapped a decollement type of fault, the
Reef Creek detachment fault. The fault is slightly
older than the Heart Mountain detachment fault, and
the rocks moved on the Reef Creek fault have been
scattered still farther by transportation atop masses
moved by the Heart Mountain fault.

Gravity measurements by L. C. Pakiser and H. L.
Baldwin, Jr., (Art. 104) at 890 stations in Yellowstone
National Park and adjoining parts of Idaho, Montana,
and Wyoming reveal a strong gravity low in the vicinity
of the Yellowstone Plateau, and a narrow gravity low
along the Madison Valley, Mont. (See p. A-70.)

In the Afton area, western Wyoming, J. D. Love
(Art. 250) reports large reserves of vanadium in phos-
phate rock of the Phosphoria formation. (See p. A—4.)

In the Fossil Basin, north and west of Kemmerer,
Wyo., W. W. Rubey, S. S. Oriel, and J. I. Tracey (Art.
64) have studied the Upper Cretaceous and Lower Ter-
tiary rocks in detail. They conclude, on the basis of
fossil vertebrates, mollusks, leaves, and pollen, that the
Evanston formation is of latest Cretaceous to early late
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Paleocene age. They also recognize a peripheral
diamictite facies (Art.62) in the Wasatch formation in
the Fossil Basin, and suggest its accumulation through
mudflow and solifluction.

Northwest of Nounan, Idaho, mapping by F. C. Arm-
strong shows that what has been thought to be part of
a thrust plate of Ordovician quartzite resting on Triassic
limestone is actually a landslide mass of Cambrian
quartzite.

In the upper Green River Valley, Utah, W. R. Hansen
finds that the Uinta anticline is a large composite fold
having two main closures alined on a single east-trend-
ing axis. One closure is centered near Gilbert Peak,
and the other near Browns Park. Hansen’s work has
also shown that large scale normal faulting began in the
northeastern Uinta Mountains in early Tertiary time,
possibly in the Oligocene, before the cutting of the
Gilbert Peak erosion surface. The cutting of the ero-
sion surface later was terminated by renewed faulting
and warping.

Studies by W. H. Bradley of the paleohydrology and
paleoclimatology of the Eocene Green River forma-
tion of Wyoming have revealed that in a period of
about 1 million years during the middle Eocene, the
climate of Wyoming changed from moist to arid (as
arid as the Great Salt Lake area today) and then be-
came moist again. (See p. A-78.)

Stratigraphic studies in parts of eastern Montana and
Wyoming

Studies of the Pierre shale by J. R. Gill (Art. 352)
show that the formation comprises a series of trans-
gressive deposits that wedge out eastward. The Sharon
Springs member of the Pierre consists of widespread
persistent beds of bentonite and organic-rich shale
which provide an easily identifiable marker for subsur-
face and surface investigations. Paleontologic studies
by W. A. Cobban have shown that this unit contains a
distinctive ammonite fauna, indicating that it is an
excellent time marker as well as a distinctive lithologic
marker. (See also p. A-T9.)

Geologic and geophysical studies in the Black Hills, South
Dakota and Wyoming

Study of about 110 samples of rocks of the Inyan
Kara group by L. G. Schultz and W. J. Mapel (Art.
210) shows that the Lakota and overlying Fall River
formations contain the same clay minerals but in differ-
ent proportions. A zone of kaolinite and ferruginous
spherules at the top of the Lakota formation indicates
a weathered zone at the Lakota-Fall River contact.
The relations are similar to those described at the same
horizon along the Colorado Front Range, suggesting
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that the period of weathering may have been of re-
gional extent. The kaolinite zone may aid in corre-
lating Lower Cretaceous rocks in the Western Interior.

In the southern Black Hills, recent work by G. B.
Gott, E. V. Post, and D. E. Wolcott on rocks of the
Inyan Kara group has shown that all the major con-
glomeratic sandstones are in the Fuson member of the
Lakota formation, and that the Fuson member consti-
tutes nearly all the Lakota formation in the northwest-
ern Black Hills. The Chilson member of the Lakota
formation as defined by E. V. Post and Henry Bell
IIT (Art. 349) is largely restricted to the southern
Black Hills.

Preliminary interpretation by R. M. Hazlewood of
data from a gravity survey of the Black Hills shows
that there is a steep gravity gradient along the west
flank of the northern Black Hills, and that there is
excellent correlation between gravity data and known
geology. The east flank of the Black Hills is character-
ized by a series of gravity highs and lows that trend
parallel to the uplift. In the central part of the Black
Hills most of the small anomalies are associated with
amphibolite bodies.

Possible Early Devonian seaway

An Early Devonian seaway, which may have occu-
pied a geosynclinal trough west of the present Rocky
Mountains, has been inferred by C. A. Sandberg
(1961b) as an outgrowth of his study of Devonian
stratigraphy in the Williston basin. The Beartooth
Butte formation and equivalent strata in the northern
Rocky Mountain region were deposited along the east-
ern margin of the sea. Discontinuous sparsely fossil-
iferous shallow-water deposits of similar lithology and
stratigraphic position are reported from the Northwest
Territories in Canada to east-central and southern
Arizona. The distribution of these rocks suggests that
the Early Devonian seaway may have extended from
the Arctic Ocean as far south as the Mexican border.

Biostratigraphic studies of upper Paleozoic rocks

Analysis by W. J. Sando and J. T. Dutro, Jr., of
brachiopod and coral faunas in the Madison group and
equivalent rocks in the northern Rocky Mountains
suggests correlations with the Mississippian of the Mis-
sissippi Valley type region. The lower half of the
Lodgepole limestone is approximately correlative with
the upper part of the Kinderhook (Chouteau equiva-
lents). The upper part of the Lodgepole and lower
part of the Mission Canyon (including the related
Brazer dolomite) are of Osage age, whereas the up-
permost Mission Canyon is considered to be of Mera-
mec age. Fasciculate lithostrotionoid corals, together
with certain spiriferoid brachiopods, lend credence to
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the Meramec correlation. Kinderhook-Osage and
Osage-Meramec boundaries are difficult to determine
in Madison rocks because of apparent overlapping of
ranges of fossils characteristic of the series in the type
region.

Endothyrid Foraminifera in Carboniferous rocks
of the Mackay quadrangle, Idaho, have been shown
by Betty A. L. Skipp (Art. 236) to range in age from
Early Mississippian to Pennsylvanian, and to be useful
for interpretation of stratigraphic relations in the
thick sequence of miogeosynclinal rocks of that area.

Recent collections of Permian corals from the Phos-
phoria, Park City, and Shedhorn formations have been
studied by Helen Duncan (Art. 99), and have added
data on the geographic distribution of a coral zone
that is fairly widely developed in the Lower Permian
rocks of Idaho, Wyoming, and Montana. The presence
of corals in these rocks had not been recognized earlier.

Ground-water investigations in Idaho

Many of the larger consumers of water in the Mos-
cow Basin, Latah County, Idaho, depend on artesian
aquifers in the Latah formation (Stevens, 1960).
Large withdrawals from this formation for more than
60 years have caused a continuing decline in artesian
pressure, which has been accelerated during the last
few years. Use of surface water is suggested both as
a supplemental source and for artificial recharge of the
aquifers.

Ground-water investigations in Montana

The northern part of the Deer Lodge Valley con-
tains a thick section of Eocene, Miocene, Pliocene, and
Quaternary deposits laid down in a structural valley
formed in Late Cretaceous or Paleocene time (Koni-
zeski, McMurtrey, and Brietkrietz, 1961). Moderately
large supplies of water are obtained from both the
Tertiary and the Quaternary deposits.

In northeastern Blaine County, the Flaxville forma-
tion, which underlies a plateau known as the Big Flat,
contains an estimated 800,000 acre-feet of water in
storage, and receives about 5,000 acre-feet per year of
recharge (Zimmerman, 1960). Wells in the Flaxville
yield large supplies of water of good quality, whereas
only small supplies of generally poor quality water are
obtainable from the underlying Upper Cretaceous
formations.

Ground-water investigations in Wyoming

An investigation in the vicinity of Osage, Weston
County, by H. A. Whitcomb has revealed that the
flow of artesian wells tapping the Lakota formation
has declined considerably in the last 20 to 30 years,
and that some of the wells no longer flow. The declines
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in flow are attributed mainly to inereased withdrawal,
but in part to decreased recharge and to possible de-
terioration of well casings or incrustation of perfora-
tions in casings.

In northern and western Crook County, Whitcomb
has found that moderate to large supplies of water are
obtainable from deep artesian wells tapping the Min-
nelusa formation and underlying Pahasapa limestone.
The Fall River and Lakota formations are the most
widely developed aquifers in the area, but generally
yield only small supplies of water.

Whitcomb has also found that the Arikaree forma-
tion is a moderately good aquifer in the southern part
of Niobrara County where well yields range from 150
to 750 gpm (gallons per minute) and average 500 gpm.
Wells near the Hartville Hills generally have the higher
yields owing to fracturing of the Arikaree by post-
Miocene uplift. An estimated 5 to 8 million gallons
per day moves eastward through the Arikaree into
Nebraska.

Ground-water investigations in North Dakota

Studies in Burleigh, Kidder, and Stutsman Counties,
N. Dak., reveal that the larger yields of ground water
are obtained from outwash plains, valley outwash, and
buried preglacial or interglacial channels that contain
stratified sand and gravel, but some water is obtained
from lenses of stratified material within till. Near
Alexander, McKenzie County, small supplies of water
of relatively poor quality are obtained from beds of
sand and lignite in the Tongue River member of
the Fort Union formation, and from alluvium and
colluvium.

Ground-water investigations in South Dakota

A statewide study of artesian wells in South Dakota,
by R. W. Davis and others (1961), has revealed that 16
million gallons of water per day is being discharged
by 44 uncontrolled flowing artesian wells in the Mis-
souri River Valley. Most of these wells tap the Dakota
sandstone. Near the Black Hills, flowing wells yield
large quantities of water from the Minnelusa sandstone
and Pahasapa limestone. At least nine other artesian
aquifers are tapped by wells in western South Dakota.
The piezometric surface for wells tapping the Fall
River formation has declined about 10 feet since 1956
near Edgemont, in the southern Black Hills, but has
not declined since 1959 in eastern Custer County.

SOUTHERN ROCKIES AND PLAINS

Geologic and hydrologic investigations in the South-
ern Rockies and Plains during the fiscal year 1961 have
yielded results of regional or broad local significance
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in the many fields summarized below. Other results are
presented in other sections of this report as follows:
mineral deposits, pages A-1 to A-8; geophysical
studies, page A—70; engineering studies, page A-88;
and geochemical prospecting, page A-95.

Geology of volcanic terrains in Colorado and New Mexico

In the San Juan Mountains, Colo., geologic mapping
by R. G. Luedke in the area north of and between the
Silverton and Lake City calderas of late Tertiary age
has confirmed the suspected occurrence of an older and
larger caldera or volcano-tectonic depression upon
which were superposed the two younger calderas. Fol-
lowing a catastrophic eruption of welded ash-flow tuffs
(Eureka rhyolite of the Miocene Silverton volcanic
series), there was cauldron subsidence followed by dom-
ing and establishment of a northeast-trending central
graben. Continued mapping around the Creede caldera
by T. A. Steven and J. C. Ratté disclosed a major
graben extending southeast from the caldera in the
vicinity of the Rio Grande. The Wagon Wheel Gap
fluorspar mine is along one of these graben faults, but
no other mineral deposits have yet been discovered.

In the Powderhorn district, Colorado, on the north
margin of the San Juan volcanic field, J. C. Olson and
D. C. Hedlund have found that the volcanic rocks of
Tertiary age include a distinctive sequence of four
principal welded-tuff units. Each unit commonly com-
prises several mappable lithologic varieties, including
vitric and devitrified welded tuff and unconsolidated
tuff. The similar lithologic succession in different areas
indicates the wide lateral extent of each welded-tuff
unit.

Mapping of the volcanic rocks of the Jemez Moun-
tains, N. Mex., by R. L. Smith, R. A. Bailey, and C. S.
Ross (Art. 340) shows that the Valles caldera contains a
complexly faulted central structural dome encircled by
a peripheral ring of volcanic domes that are analogous
at depth to a central stock and ring dike. Time and
spatial relations of doming and vulcanism indicate that
some ring dikes were intruded during postsubsidence
doming of the caldera floor rather than during cauldron
subsidence as suggested by Clough, Maufe, and Bailey ®
in their classic study of the Glen Coe cauldron of
Scotland.

Geology of Precambrian rocks

Continued studies in the east-central part of the
Front Range, Colo., by J. D. Wells, D. M. Sheridan,
and A. L. Albee (Art. 196) indicate that the biotite
gneisses of the Idaho Springs formation and the quartz-

8 Clough, C. T., Maufe, H. B., and Bailey, E. B., 1909, The cauldron-

subsidence of Glen Coe, and the associated igneous phenomena: Geol.
Soc. London Quart. Jour,, v. 65, p. 669.
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ite along Coal Creek were deformed twice by plastic
deformation and once by cataclastic deformation dur-
ing Precambrian time. The cataclastic deformation
is confined to the recently named Idaho Springs-
Ralston shear zone and aside from faulting is the
youngest episode of Precambrian tectonism recognized
in this part of the Front Range.

Geological mapping of the Precambrian rocks in the
drainage of the Gunnison River, in southwestern Colo-
rado, is delineating the lithologic succession and meta-
morphic and intrusive history of this previously little
known complex. In the Powderhorn district, J. C.
Olson and D. C. Hedlund have distinguished three
principal groups of layered metamorphic rocks: (a)
hornblende schist or greenstone, consisting dominantly
of metamorphosed basaltic to andesitic volcanic rocks,
(b) felsitic volcanic rocks, and (¢) quartz-biotite schist,
consisting principally of metasedimentary rocks. Some
of the metasedimentary layers associated with the fel-
sitic volcanic rocks contain staurolite and kyanite.
Nearby, in the Black Canyon of the Gunnison, mapping
by W. R. Hansen has disclosed that the dominant Pre-
cambrian schist is intruded, from oldest to youngest, by
(a) pegmatites, (b) lamprophyric dikes (in upper
canyon), (d) quartz monzonite plutons, (d) Curecanti
granite (in upper canyon) and Vernal Mesa granite (in
lower canyon), (e) pegmatite and aplite, and (f)
diabase.

Geology of major sedimentary basins

In the southwestern part of North Park, Colo.,
mapping by W. J. Hail, Jr., shows that the lower (Pale-
ocene) part of the Coalmont formation overlaps the
entire sedimentary sequence of pre-Tertiary rocks and,
to the west in the Park Range, lies directly on Pre-
cambrian crystalline rocks.

On the western margin of the Denver basin, oil-
producing anticlines at Berthoud, Colo., and at Hay-
stack Mountain north of Boulder, Colo., have been
delineated in detail by W. A. Cobban and G. R. Scott
by means of mapping of ammonite zones in the Pierre
shale. To the north, in southeastern Wyoming, L. W.
McGrew has recognized the following previously
unknown Cenozoic rock units: (a) Early Eocene(?)
conglomerate that lies with angular discordance on Per-
mian red beds and is overlain with angular discordance
by the White River formation, (b) fluvial and lacus-
trine deposits of middle to late Miocene age, (¢) fluvial
deposits of Pliocene(?) age in fault contact with
the Arikaree formation (Miocene), and (d) middle to
late Pleistocene fluvial and lacustrine deposits that lie
800 feet and 300 feet respectively above the present
leve]l of the North Platte River.
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According to D. L. Gaskill (Art. 96) the Ohio Creek
conglomerate of the Anthracite basin area, about 20
miles north-northwest of Gunnison, Colo., now has been
dated as Paleocene on the basis of plant fossils. The
conglomerate unconformably overlies strata assigned to
the Mesaverde formation over a wide area in the eastern
part of the Uinta Basin; it is overlain by the Tertiary
Wasatch formation.

Rocks of Mississippian and probable Devonian age in the
Sangre de Cristo Mountains

On the basis of stratigraphic studies in the Sangre de
Cristo Mountains of northern New Mexico, E. H. Baltz
and C. B. Read (1960) report two new formations.
The Espiritu Santo formation of Devonian(?) age
consists of sandstone, sandy dolomitic limestone, and
crystalline and clastic limestone. The Tererro forma-
tion, separated from the Espiritu Santo formation by
an erosional unconformity, contains three recognizable
members—the Macho, Manuelitas, and Cowles. The
formation consists of limestone breccia and conglom-
erate, crystalline limestone, and calcarenite. A sparse
faunule in the Manuelitas member indicates an Early
Mississippian age for that part of the formation.

Geology of parts of Nebraska

Studies in the southern part of Nebraska by R. D.
Miller, Richard Van Horn, Ernest Dobrovolny, and the
late L. P. Buck indicate that volcanic ash exposed
along the Republican River correlates with the Pearl-
ette ash member of Kansas. The ash is included
within the Sappa formation of late Kansan age and
provides a widespread, reliable, and easily recognizable
stratigraphic marker.

Alluvial terrace deposits along North Loup River
in central Nebraska were formed about 10,850 years
ago, according to carbon-14 determinations of shell
material by Meyer Rubin. Previously, the lower part
of the terrace had been dated from mollusks as late Kan-
san to Illinoian. The material giving the 10,850 year
date underlies what R. D. Miller believes to be the
Brady soil of Schultz and Stout.? According to Miller
and G. R. Scott, the newly determined date supports
placing the Brady soil development in post-Two
Creeks time.

Ground-water recharge

In the Frenchman Creek basin above Palisade, Nebr.,
W. D. E. Cardwell and E. D. Jenkins have determined
that the rate of annual recharge to the ground-water
reservoir (principally the Ogallala formation) is 0.9
inch out of a total average annual precipitation of 19.5

® Schultz, C. B, and Stout, T. M., 1948, Pleistocene mammals and
terraces in the Great Plains, in Colbert, E. H., ed., Pleistocene of the
Great Plaing: Geol. Soc. America Bull., v. 59, p. 570.
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inches. This amounts to about 220,000 acre-feet of
water annually, which is considerably more than the
present rate of pumping. In Washington County,
Colo., H. E. McGovern has found that the annual re-
charge to the Ogallala formation is about 1 inch, which
amounts to about 20 times the present rate of pump-
ing. In Hamilton County, Nebr., where the annual
precipitation is about 24 inches, C. F. Keech has deter-
mined that the recharge to the Pleistocene sand and
gravel comprising the aquifer in that area is 1.4 inches.

According to C. F. Keech (1961) the application of
surface water for irrigation along the Platte Valley
below McConaughy Reservoir in Nebraska has caused
an abrupt rise in ground-water levels from Lincoln
County to Kearney County. Keech reports that the
rise in water level exceeds 50 feet in one area in Phelps
County and that the ground-water divide between the
Platte and Republican Valleys has shifted southward
several miles as a result of the rise.

Ground-water storage

In the Frenchman Creek basin above Palisade, Nebr.,
W. D. E. Cardwell and E. D. Jenkins calculate that
the Ogallala formation contains about 81,000,000 acre-
feet of ground water in storage. This is about 8 times
the capacity of Lake Mead—the largest man-made lake
in the United States. W. G. Hodson and K. D. Wahl
(1960) report 1,200,000 acre-feet in storage in the
Ogallala in northern Gove County, Kans. C. F. Keech
reports about 9,000,000 acre-feet in storage in Pleisto-
cene deposits in Hamilton County, Nebr.—enough to
form a lake 26 feet deep over the entire county.

Buried channels

Buried channels of sand and gravel that are capable
of yielding large quantities of water to wells have been
located by geologic mapping and by test drilling in east-
ern Colorado and southeastern Wyoming. A deep
narrow gravel-filled channel has been reported by D. A.
Coffin in the upper reaches of Big Sandy Creek valley
above Limon, Colo., and a major buried channel along
the Arkansas Valley having a depth of more than 200
feet in places has been traced by P. T. Voegeli in Prow-
ers County. In the Wheatland area in southeastern
Wyoming, E. P. Weeks reports that additional drilling
has revealed the presence of coarse channel deposits
of sand and gravel within the finer materials character-
istic of the Arikaree formation in that area. Irrigation
wells that penetrate the coarse materials generally will
yield 50 to 100 percent more water than the wells that
penetrate only the finer materials.
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Hydrogeology of Denver metropolitan area

G. H. Chase and J. A. McConaghy have found that
the principal recharge area for the Arapahoe formation
in the Denver basin is in the southern part of the basin
and that the water moves into the formation through
a part of the Dawson arkose. They report that develop-
ment of scattered pumping centers coincident with the
growth of the metropolitan area has created numerous
cones of depression in the piezometric surface and a
gradual expansion of the area of declining pressure
heads in wells tapping the formation. Heads have
recovered somewhat in the downtown area in the cen-
ter of the 77-year-old cone of depression.

Chase and McConaghy also report the discovery of
significant new aquifers in the Dawson arkose in some
parts of the area. Some aquifers in the Dawson arkose
yield water high in radon. Inversions of geothermal
gradients occur between the Fox Hills sandstone and
the Laramie formation, and also between the Laramie
formation and the Arapahoe formation—Dawson
arkose.

Relation of ground-water quality to bedrock

In the High Plains in parts of Cheyenne and Kiowa
Counties, Colo., A. J. Boettcher has found that the
quality of the water in the Ogallala formation differs
according to the bedrock beneath the Ogallala. Where
the Ogallala is underlain by the Smoky Hill marl mem-
ber of the Niobrara formation, the ground water has a
significantly higher concentration of sulfate and
chloride than where it is underlain by the Pierre shale.

Ground-water development in New Mexico

Data collected by H. O. Reeder and others (1960a)
indicate that as of 1956, 855,000 acres of land were un-
der irrigation in New Mexico. Of this area, 440,000
acres were irrigated with ground water alone, 130,000
acres with a combination of ground water and surface
water, and 285,000 acres with surface water alone. The
irrigation with ground water involved the pumping of
1,320,000 acre-feet of water with the result that ground-
water levels reached record lows in most areas except in
parts of the Roswell basin and the Carlsbad area.

Distribution of moisture in soil and near-surface tuff

In conjunction with work on the Pajarito Plateau,
N. Mex., for the Los Alamos Scientific Laboratory,
J. H. Abrahams, Jr., J. E. Weir, and W. D. Purtymun
(Art. 339) have shown that little, if any, water perco-
lates through the soil mantle into the underlying rock.
Using a neutron-scattering probe, they determined dur-
ing a 99-day infiltration experiment that the moisture
content of the soil decreased with depth from a maxi-
mum of about 38 percent by volume in the B zone to
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less than 4 percent within a foot of the surface of the
underlying tuff. Water apparently was perched on
the C zone and the moisture content within the B zone
approached saturation.

COLORADO PLATEAU PROVINCE

Most of the geologic studies on the Colorado Plateau
have been undertaken to aid in the search for uranium,
but may have application to petroleum exploration.
Most of the hydrologic studies have been undertaken to
aid in locating supplies of potable water for the small
communities in the area. This work contributes to a
broader understanding of the regional geology and hy-
drology. Some of the findings of regional significance
made during the fiscal year 1961 are summarized below.
Results of work on mineral deposits in the region are
reported on pages A~6 to A-7, and the results of work
on geochemical prospecting are reported on page A-95.

Stratigraphy

Several geologists have reported new information on
the stratigraphic relations of rocks of late Paleozoic
and Mesozoic ages on the Colorado Plateau. Study of
a small but good collection of vertebrate fossils by G. E.
Lewis and P. P. Vaughn permits correlation of the up-
per part of the Cutler formation near Placerville,
Colo., with the Wichita group of Texas (Wolfcamp)
and parts of the Autunian and Rotliegende of western
Europe, all of Early Permian age. Of interest in con-
nection with the correlation of Permian strata are the
dominant directions of dip of the foreset beds in the
thick crossbedded sandstones of the south-central part
of the plateau province. C. B. Read and A. A. Wanek
(Art. 206) report that there are two preferred direc-
tions: (a) southeast to east in the Meseta Blanca sand-
stone member of the Yeso formation (Zuni Mountains),
the lower part of the DeChelly sandstone (Defiance
Plateau), and the Cedar Mesa sandstone member of the
Cutler formation (Monument Valley); and (b) south
to southwest in the Glorieta sandstone (Zuni Moun-
tains), the upper part of the DeChelly sandstone (Defi-
ance Plateau), DeChelly member of the Cutler forma-
tion (Monument Valley), and Coconino sandstone
(near Holbrook and Winslow, Ariz.).

In Triassic rocks studied by F. G. Poole (Art. 199),
dip orientation of cross strata record a shift of the
regional drainage direction from northwesterly in
Moenkopi and early Chinle time to southwesterly dur-
ing deposition of the upper part of the Chinle, Kayenta,
and upper part of the Moenave formations.

Age assignments of formations of the Glen Canyon
group have been revised by G. E. Lewis, J. H. Irwin,
and R. F. Wilson. The new assignments, adopted for
use by the Geological Survey, are as follows:
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Navajo sandstone—Jurassic and Triassic(?)
Kayenta formation—Triassic(?)

Moenave formation—Triassic( #)

Wingate sandstone—Triassic

The Navajo sandstone is reported by J. C. Wright to
thin to zero on salt anticlines in eastern Utah and west-
ern Colorado, to thicken to as much as 700 feet in the
intervening synclines (more than twice the normal
regional thickness), and to extend in a continuous
thinned belt northwesterly along the Cane Creek anti-
cline to Bartlett Flat, 12 miles beyond the Colorado
River.

According to L. C. Craig, a sandstone like the
uranium-bearing “Jackpile sandstone” is present at the
top of the Morrison formation in the eastern part of
the San Juan Basin, and at Bernalillo and Santa Fe,
N. Mex., and may be present as far east as Las Vegas,
N. Mex.

R. A. Cadigan reports that the sandstone of the
uranium-bearing Morrison formation (Late Jurassic)
of the Colorado Plateau is composed of sodic tuff and
ash, quartz, and sodic feldspar derived from the north-
west ; quartz and grains of silicified rocks derived from
the west; quartz, fragments of silicified rocks and po-
tassic tuff derived from the southwest; and quartz,
potassic and sodic feldspar, potassic and sodic ash and
tuff, and granite derived from the south and southeast.
Igneous rock sources contributed 50 to 75 percent of the
constituent detritus; extrusive igneous rocks alone
contributed 30 percent or more.

New paleontologic evidence and stratigraphic corre-
lations by C. H. Dane (1960a) suggest that much of the
so-called Dakota sandstone of the eastern San Juan
Basin may be of Late Cretaceous age, and therefore
younger than the Dakota of northeastern New Mexico,
which is entirely of Early Cretaceous age. The two
areas may have been separated by an erosional barrier
15 to 25 miles wide extending southward along the 106°
meridian toward central New Mexico.

Dane also calls attention to bentonite beds clustered
near the horizons of lithologic changes from Dakota
sandstone to Graneros shale, from Graneros to Green-
horn limestone, and from Greenhorn to Carlile shale.
The bentonite beds may be widely useful in establish-
ing regional correlations. They also suggest that more
concentrated volcanic activity coincided with the epeiro-
genic or climatic changes that produced the changes in
lithology at formation boundaries.

Paradox basin

J. E. Case and H. R. Joesting (Art. 393) report
aeromagnetic and gravity anomalies that indicate major
northeast structural trends transverse to the dominant
northwest trend of the late Paleozoic and Laramide
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structure of the Paradox basin and Uncompahgre up-
lift. The most prominent of the inferred basement
structures are two inferred faults that cross the Monu-
ment upwarp and Blanding basin and bound a zone
of low density and generally low magnetization 20 miles
wide and 50 miles long. Other northeast-trending
structures parallel the Colorado River near Moab and
Cisco, Utah, and another extends from the La Sal
Mountains to Gateway, Colo. The intrusive rocks of
the Abajo and La Sal Mountains lie at the intersections
of northeast- and northwest-trending basement
structures.

Potash-bearing salts of the saline facies of the Para-
dox member of the Hermosa formation are about to be
developed commercially. R.J. Hite (Art. 337) reports
that the saline facies extends over approximately 11,000
square miles, two-thirds of which is underlain by potash
salts. The saline facies consists of 29 evaporite cycles
of carbonate, gypsum, and salt deposits, of which about
18 contain potash salts and 11 contain potentially val-
uable potash deposits from 1,700 to 14,000 feet below
the surface. At present these deposits are considered
to be minable only in the salt anticlines where they lie
at the shallower depths. Recent exploration has been
concentrated on nonintrusive folds, such as the Cane
Creek anticline; information concerning the intrusive
folds is still meager.

Studies by E. R. Landis, E. M. Shoemaker, and D. P.
Elston (Art. 197) demonstrate that growth of the
Gypsum Valley salt anticline took place between Middle
Pennsylvanian and Late Cretaceous time.
Geomorphology and physiography

Studies in northeastern Arizona by M. E. Cooley
and J. P. Akers (Art. 237) show that four cycles of
erosion, representing about 4,000 feet of downcutting,
occurred throughout Miocene, Pliocene, and Pleistocene
time in the Little Colorado drainage system of Arizona
and New Mexico. Contours on the oldest surface at
the base of the Bidahochi formation show that an en-
trenched, integrated drainage system of the ancestral
Little Colorado River flowed generally westward and
northwestward during Miocene and Pliocene time.

Unaweep Canyon, a wind gap in Precambrian
crystalline rocks of the Uncompahgre plateau, is inter-
preted by S. W. Lohman (Art. 60) to have been carved
by the ancestral Colorado River and to have been
abandoned after successive captures of the ancestral
Colorado and Gunnison Rivers by a subsequent tribu-
tary cutting in soft shale around the nose of the north-
westward-plunging Uncompahgre arch.
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Hydrologic studies

Geologic and ground-water studies in the Colorado
Plateau by D. A. Phoenix (Art. 195) classify the thick
and varied sequence of rocks into 7 hydrogeologic units.
Unit 1, alluvium of Quaternary age, yields water in
places. This water is locally contaminated by the
activities of man. Units 2, 3, and 5 are shales of
Tertiary, Cretaceous, and Triassic ages, which cover
more than one-half the region; they are mostly non-
water-bearing, and yield large amounts of dissolved
solids and clay. Unit 4, sandstones of Triassic and
Jurassic ages, yields water suitable for many uses, but
the sandstones also yield large amounts of sandy sedi-
ment. Unit 6, mostly limestone and shale of Paleozoic
age, locally yields significant amounts of brine but in
other places is similar to unit 4. Unit 7, igneous rocks
of Tertiary age and basement rocks of Precambrian age,
yields excellent water; these rocks crop out mostly in
mountainous areas.

In the Grants-Bluewater area, Valencia County,
N. Mex., the Glorieta sandstone and the overlying San
Andres limestone, of Permian age, are the principal
aquifers. Alluvium and interbedded basalt of Quater-
nary age form an aquifer of secondary importance. E.
D. Gordon reports that most large-capacity wells in
the area pump from the San Andres, and where the
hydraulic pressure in the San Andres has been de-
creased, water has moved from the Glorieta into the
San Andres. The use of ground water between 1950
and 1957 was stabilized at about 13,000 acre-feet per
year. Withdrawal of ground water has caused water
levels to decline 40 to 45 feet north of Bluewater Vil-
lage, and 18 to 20 feet from Bluewater Village south-
east to near Grants. Yields of irrigation, industrial,
and municipal wells range from 500 to 2,200 gpm. Gen-
erally, the water is suitable for irrigation, although the
salinity is high locally. At some places the sulfate con-
centration is high enough to impart an objectionable
taste to the water.

In the Ashley Valley oil field, Uintah County, Utah,
R. D. Feltis and H. D. Goode (Art. 184) report that
the comparatively fresh oil-field water, which contains
only 500 to 2,000 ppm total solids, is being used for
irrigation. This use is made possible by the fact that
deleterious components of the water are neutralized by
components of the soil. The oil and associated water
are derived from the Weber sandstone of Penn-
sylvanian age. The water drive for the oil is probably
sustained by surface recharge in outcrop areas north
and east of the field.

According to S. W. Lohman, the principal artesian
aquifers in the Grand Junction area, Colo., are the
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Entrada sandstone of Jurassic age and the Wingate
sandstone of Triassic age. Recharge to them occurs a
short distance southwest of town where they are ex-
posed along the Redlands fault and associated mono-
clines. The artesian wells normally yield 5 to 25 gal-
lons per minute. Between Grand Junction and the out-
crop area, the ground water is of a sodium bicarbonate
type excellent for domestic use. Where the water-bear-
ing beds are deeper and farther from the outcrop, as
is the case northeast of Grand Junction, the water con-
tains more dissolved solids and is therefore less useful.

Detailed lithologic studies of Navajo sandstone in the
Copper Mine-Preston Mesa area, Coconino County,
Ariz., by N. E. McClymonds (Art. 321) show that up-
warping accompanied deposition of the Navajo sand-
stone. Ground water is absent on the higher parts of
the upwarp but occurs on its flanks. Locally it occurs
near the crest, in a tongue of the Navajo sandstone
underlying a tongue of the Kayenta formation.

J. P. Akers and P. E. Dennis report that additional
ground water for the town of Flagstaff, Ariz., may be
obtained from glaciofluvial sediments in the Inner Val-
ley on San Francisco Mountain, Coconino County, and
from permeable zones along several large normal
faults.

Injection tests at the Bluewater uranium mill of the
Anaconda Co. at Grants, N. Mex., indicate to S. W.
West that sediment-free mill affluent can be charged
into the lower part of the Yeso formation through an
8-inch well at the rate of more than 380 gpm but less
than 1,000 gpm. Studies of ground water in alluvium
along the Colorado and Gunnison Rivers in western
Colorado by D. A. Phoenix show that this water locally
contains between 20 and 40 ppm nitrate, expressed as
NO;. The nitrate probably originates from nitrog-
enous fertilizers used in farming.

BASIN AND RANGE PROVINCE

Geologic and hydrologic investigations in progress in
the Basin and Range Province have yielded important
new information in structural and stratigraphic geol-
ogy, volcanology, and hydrology as summarized below.
Additional information is given on other pages as
follows: mineral deposits, pages A-1 to A-8; paleontol-
ogy, pages A-59 and A-60; geophysical work, pages
A-69 to A-71; evaporite deposits, page A-76; work at
the Nevada Test Site, pages A-90 to A-91; geochemical
prospecting, page A-95; Pleistocene lakes, page A-11;
and Pleistocene climate, page A-87.

Thrust faults in Nevada and Utah

In central and eastern Nevada, interpretations of the
complex thrust fault problems depend in large part
upon interpretations of stratigraphic relations. R. L.

GEOLOGICAL SURVEY RESEARCH 1961—SYNOPSIS OF RESULTS

Erickson and A. P. Marranzino, working in conjunc-
tion with Harold Masursky, have found evidence that
the three previously defined facies of Paleozoic rocks
in the region—the eastern, transitional, and western
facies—have distinctive metal contents. Preliminary
results suggest that western facies siliceous rocks are
rich in metals, particularly in vanadium, copper, bar-
jum, and titanium, whereas eastern facies rocks are
poor in metals. This evidence suggests that rocks in the
Cortez quadrangle, Nevada, previously thought to be
eastern facies and part of the lower plate of the Roberts
Mountain thrust fault, may be transitional or western
facies and part of the upper plate.

In the southern Diamond Mountains of eastern Ne-
vada, D. A. Brew (Art. 191) has found that the Chain-
man shale on the upper plate of the Bold Bluff thrust
fault is 3,500 to 4,000 feet thick and is composed of silt-
stone, claystone, and sandstone; whereas on the lower
plate it is 2,500 feet thick and is composed of black shale.

Mapping by T. B. Nolan and C. W. Merriam in the
Lone Mountain area of eastern Nevada shows that the
principal structural feature is a window. The main
mass of Lone Mountain is composed largely of eastern
facies carbonate rocks ranging in age from Ordovician
to Middle Devonian. Pediments on the flanks of Lone
Mountain reveal rocks of the upper plate, including
graptolitic shale and chert belonging to the Vinini
formation of Ordovician age, associated with fusulinid-
bearing strata of the Garden Valley formation of Per-
mian age.

An analysis by M. D. Crittenden, Jr., (Art. 335) of
the thicknesses of three groups of Paleozoic rocks in
northern Utah indicates displacements of about 40 miles
across a belt of overthrusts, including the Bannock,
Willard, Charleston, and Nebo faults. The overriding
blocks moved relatively eastward. The analysis does
not rule out even larger displacements. In contrast, in
the Kings River Range area of northwestern Nevada,
C. R. Willden (Art. 192) has found thrust fault rela-
tions that indicate westward overriding of at least 40
miles, so that nonmetamorphosed rocks of Permian to
Middle Triassic age rest on metavolcanic rocks of prob-
able Permian or older age.

In southwestern Utah, D. M. Lemmon and H. W.
Sundelius mapped the upper plate of the Frisco thrust
from Frisco Peak northeast for 21 miles. Six windows
of lower plate rocks of late Cambrian and Ordovician
ages are exposed in the San Francisco Mountains as far
as 9 miles northeast of Frisco Peak, but none was ob-
served farther north in the Beaver Mountains.

Other structural features
R. K. Hose has found through detailed mapping that
the Confusion Range of western Utah was the site
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of a large structural trough at the end of the late Meso-
zoic orogeny. He has determined that the flanks of
the trough had average slopes of as much as 19 degrees,
and he believes that this relief coupled with contrasts
in competency of rocks involved accounts for the dif-
ferent tectonic styles displayed by rocks in the area.
Relatively competent lower Paleozoic rocks are char-
acterized by broad open folds and homoclines, whereas
incompetent upper Paleozoic and Triassic rocks show
complex disharmonic folds and thrust faults.

Recent studies of ancient Lake Bonneville shore lines
in western Utah by Crittenden (1960) support G. K.
Gilbert’s conclusion of 1890 that the increase in eleva-
tions of these shore lines since Pleistocene time is the
result of isostatic rebound after unloading. The maxi-
mum deflection of 210 feet indicates that isostatic com-
pensation for removal of the load is at least 70 percent
of the theoretical maximum, and may be virtually
complete.

A northward trending elongate dome about 40 miles
wide and 80 miles long is centered roughly between
the Snake and Deep Creek Ranges, Nev., according to
structural analysis by H. D. Drewes (1960). The dome
has been strongly modified by near-bedding-plane
thrust faults and complex north-trending structures.

T. W. Dibblee, Jr. (Art. 82) has found that many of
the northwest-trending high-angle faults of Quaternary
age in the western Mojave Desert region show evidence
of right-lateral displacement, in the same sense as the
San Andreas fault. This type of displacement is in-
dicated by the offset of contacts and fold axes, by east-
trending drag folds associated with the faults, and
by north-trending tension fractures.

Geologic mapping by G. I. Smith (1960) along the
Garlock fault, southeastern California, has shown that
two large dike swarms that crop out 40 miles apart on
opposite sides of the fault are similar and probably
represent offset segments of the same swarm. The
swarms were probably intruded during late Mesozoic
time, just before movement of the fault began, and the
present separation of 40 miles approximates the total
left-lateral displacement on the fault.

Studies of Cambrian and Precambrian rocks

Recent geologic mapping by M. H. Krieger (Art.
207) in the northern end of the Galiuro Mountains of
southeastern Arizona has shown that rocks formerly
called Troy quartzite and considered to be of Cambrian
age actually include two units, one of Precambrian
and the other Cambrian age, separated by a major un-
conformity. The unit of Precambrian age, to which
the name Troy quartzite is now restricted, was intruded
by diabase sills before deposition of the unit of Cam-
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brian age, which includes the Bolsa quartzite and the
Abrigo formation.

In central Arizona, A. F. Shride has found that an
extensive karst topography was developed on dolomite
of the Mescal limestone of Precambrian age, both be-
fore and during deposition of the overlying Troy quart-
zite. The dolomite was thoroughly silicified during
the period of weathering, and locally a highly fer-
ruginous regolith was formed.

In sandstone overlying the Precambrian in the Min-
gus Mountain-Jerome area, central Arizona, heretofore
regarded as Tapeats(?) formation (Cambrian) by
some geologists and as basal Devonian by others, Curt
Teichert discovered a bed crowded with U-shaped bur-
rows of the Corophioides type. Occurrence of these
trace fossils removes doubts as to the correlation of this
sandstone with the Tapeats, because they occur abund-
antly in undoubted Tapeats sandstone of Juniper Mesa,
the Chino Valley, and the Grand Canyon.

A. R. Palmer has found from a study of Lower Cam-
brian faunas and their distribution that the names
Stirling and Prospect Mountain for Lower Cambrian
quartzites of the Great Basin are not merely different
geographic designations for parts of a simple eastward
time-transgressive quartzite series. The Prospect
Mountain quartzite is at least in part a regressive
quartzite with its thin western edge represented by the
Zabriskie quartzite member of Hazzard * of the Wood
Canyon formation, several thousand feet stratigraphi-
cally above the Stirling quartzite.

New data on Cretaceous rocks

Along the east side of the Cortez Range, Pine Val-
ley quadrangle, Nevada, a sequence of nonmarine rocks
mapped by J. F. Smith, Jr.,, and K. B. Ketner and
previously considered to be of Tertiary(?) age, is now
known on the basis of studies of plant and pollen to
be of Cretaceous age. Plants collected from these beds
have been dated as Cretaceous by J. A. Wolfe, and
pollen have been dated as Early Cretaceous or early
Late Cretaceous by E. B. Leopold. The sequence rests
on volcanic rocks which must, therefore, be of
Cretaceous age or older.

In the southern extension of the Pifion Range, 10
miles east of the above locality, nonmarine rock in a
small area contains ostracodes which have been de-
termined by I. G. Sohn to be of probable Early
Cretaceous age.

Emplacement and age of intrusive bodies
The Climax stock, Nevada Test Site, Nye County,
has been found by F. N. Houser and F. G. Poole (Art.
10 Hazzard, J. C., 1937, Paleozoic section in the Nopah and Resting

Springs Mountains, Inyo County, Calif.: California Jour. Mines and
Geology, v. 33, no. 4, p. 273-339.
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73) to be made up of an older granodiorite and a
younger quartz monzonite. Ages of 230 and 330 mil-
lion years have been determined by the lead-alpha
method for the quartz monzonite. The lesser age is
in better accord with geologic evidence. (See also
p. A-91.)

Tertiary volcanic rocks and calderas

Aided by criteria established largely by R. L. Smith,
(1960a, b) several large, heretofore unknown calderas
have been recognized in the Basin and Range Province.
In southwestern Nevada, west of Beatty, H. R. Corn-
wall and F. J. Kleinhamphl (1960a, b) have delineated
the Bullfrog Hills caldera, which is about 15 miles in
diameter. Another probable caldera, about 10 miles in
diameter, occupies Yucca Mountain to the east of
Beatty. Northeast of these two, in the vicinity of Tim-
ber Mountain, a large caldera has been recognized
through work by F. A. McKeown, E. N. Hinrichs,
P. P. Orkild, and others in collaboration with R. L.
Smith. This caldera measures at least 18 miles in diam-
eter and is responsible for rather conspicuous ringlike
topographic features around Timber Mountain. Oligo-
cene( ?) welded tuffs about 8,000 feet thick were found
by Harold Masursky (1960) in the northern Toiyabe
Range, Nev.,, in a fault-bounded trough, perhaps a
volcano-tectonic depression, about 10 miles wide and
50 miles long in an east-west direction.

D. R. Shawe (Art. 74) has discovered that two rhyo-
litic rocks of Tertiary age in the Egan Range of eastern
Nevada are superficially similar but are chemically
and petrographically distinct, and probably were not
derived from the same magmatic source. One, an in-
trusive rhyolite confined principally to a volcanic neck
about one mile in diameter, contains 73.5 percent silica
and 13.6 percent alumina. The other, a welded tuff,
contains 69.7 percent silica and 14.1 percent alumina as
well as several times as much iron oxide, magnesia, lime,
and titania as the intrusive rhyolite, and less soda and
potash.

In the Klondyke quadrangle, Arizona, F. S. Simons
has found that the Copper Creek breccia pipes are lined
along a vaguely defined northwest trend that may reflect
a buried elongate body of biotite latite.

Geologic mapping by J. R. Cooper in the Twin Buttes
quadrangle and other parts of southeastern Arizona
has established that a distinctive volcanic rock known
locally as the “turkey-track porphyry” occurs as flows
and dikes in at least 10 neighboring mountain ranges.
At one place the rock is enclosed in beds of probable
early Miocene age. The rock ranges in composition
from olivine-augite-plagioclase porphyry to hyper-
sthene-augite-plagioclase porphyry.

GEOLOGICAL SURVEY RESEARCH 1961—SYNOPSIS OF RESULTS

D. W. Peterson (Art. 322) reports that the degree
of flattening of pumice fragments in an ash-flow sheet
near Superior, Ariz., increases progressively downward.
This indicates that ash flows erupted in such rapid suc-
cession that the sheet formed as a single cooling unit.
The difference in flattening ratios on opposite sides of
faults can be used to estimate stratigraphic throw.

Quaternary history

Ronald Willden and D. R. Mabey (1961) have discov-
ered giant dessication cracks in the playa deposits of
the Black Rock Desert and other basins of western Ne-
vada. The cracks form large polygons, several hun-
dred feet on a side, and probably resulted from the
desiccation to unusual depths of playa sediments, thus
suggesting a period of years of extreme dryness.

R. B. Morrison (Art. 330) has suggested that the
boundary between the Pleistocene and Recent (Holo-
cene) in the great Basin region be placed at the top of
a distinctive soil (the post-lake Lahontan soil), the type
area of which is the Carson Desert, Nev.

East of the Funeral Mountains, Calif., C. S. Denny
(Art. 323) has mapped landsides, in large part highly
brecciated sheets of limestone (megabreccia), that
moved along gullies out onto the pediment.

Ground-water occurrence and movement in pre-Tertiary rocks

Studies of ground-water systems in intermontane
basins of the Basin and Range Province indicate that
(a) ground-water moves locally from one intermontane
basin to another through pre-Tertiary bedrock forma-
tions; (b) pre-Tertiary bedrock may play an important
role in ground-water circulation within a closed or
nearly closed basin; and (¢) Tertiary formations under-
lying Quaternary alluvium in valleys have an impor-
tant role in the storage, recharge, and development
of ground water.

Studies in the Nevada Test Site by I. J. Winograd
show that the regional water table is generally deep
below the Quaternary alluvium and commonly is in the
Oak Spring formation, which underlies the alluvium.
The slope of the regional water table in the Oak Spring
formation is very gentle, and ground-water movement
is slow. From observations of the discharge of Ash
Meadow and other springs in the area southwest of the
Nevada Test Site, together with water-level and chemi-
cal data from wells in adjoining areas, O. J. Loeltz
(1960b) has concluded that ground water moves in
pre-Tertiary formations between valleys.

T. E. Eakin reports that the White River drainage
system of eastern Nevada contains numerous springs
that issue from Paleozoic limestone. These occur in
four general areas—between Preston and Sunnyside,
in Pahranagat Valley, near the mouth of Arrowhead
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Canyon, and northwest of Moapa. The springs in
Pahranagat Valley and near the mouth of Arrowhead
Canyon discharge about 85 cfs (cubic feet per second)
and 40 to 45 cfs, respectively. These volumes are rela-
tively large as compared with the drainage areas and
suggest that considerable inflow occurs through pre-
Tertiary bedrock from outside the topographic drain-
age area. Some of the inflow may come from Long
Valley, which is 30 to 40 miles northwest of the head-
water area of White River Valley. A substantial part
of the ground water in Long Valley apparently is being
discharged through pre-Tertiary bedrock, and geologic
trends and potential hydraulic gradients suggest that
it is moving generally southward toward the White
River Valley.

Hydrogeochemistry

Philip Cohen has concluded that the uranium content
of the waters of Truckee Meadows, near Reno, Nev.,
is not by itself an important aid in evaluating the
hydrogeochemistry of the area. Forty-seven samples
of water were analyzed for uranium and many other
chemical constituents. It was found that (a) uranium
content tends to increase as the bicarbonate-carbonate
concentration increases; (b) thermal chloride-rich
waters associated with Steamboat Springs are rela-
tively deficient in uranium; and (c) some waters high
in sulfate are relatively rich in uranium, but others are
not. The complex geology, the complex interrelation-
ships among chemical and radiochemical constituents
of the waters, and the wide variations in concentration,
all affect the movements of uranium.

Specific yield of sediments

Philip Cohen (Art. 164) reports that the specific
yields of fine-grained sediments from the Humboldt
River Valley in the vicinity of Winnemucca, Nev., are
exceptionally high, due in part to the effects of second-
ary porosity. The mean specific yield of 209 samples
is 21 percent. The specific yields were determined by
the centrifuge-moisture-equivalent method. The values
for specific yield are useful for estimating ground-
water storage capacity but cannot be used for eval-
uating short-time changes in ground-water storage.

Floods and mudflows

Studies in Utah under the direction of V. K. Ber-
wick indicate that in drainage basins where the runoff
is principally snowmelt the ratio of the mean annual
flood to the 50-year flood is about 1 to 2. In basins
where runoff is from cloudbursts, the ratio is about 1
to 6. The data also suggest that highest rates of pre-
cipitation occur at intermediate rather than higher
altitudes in the Basin and Range Province. As the
long intervals between cloudburst floods provide time
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for the accumulation of soil and debris, high-intensity
rains of short duration rmay result in mudflows.

A mudflow that occurred in Kings Canyon, on the
east slope of the Sierra Nevada near Carson City,
Nev., on July 30, 1960, was estimated by L. J. Snell
to contain about 320,000 cubic feet (7.4 acre-feet) of
material, including boulders 2 feet or more in diameter,
and short logs as much as 2 feet in diameter. Peak
discharge probably did not exceed 150 cfs. A cloud-
burst within a drainage area of 1.2 square miles and
between altitudes of 5,300 and 8,500 feet, caused the
mudflow.

COLUMBIA PLATEAU AND SNAKE RIVER PLAINS

Studies of stratigraphy and geologic history in the
Columbia River Plateau and Snake River Plains are
concentrated in the John Day region of Oregon and
the Snake River Plains of southern Idaho. Studies of
water resources include work on discharge in the Co-
lumbia River basin, quality of ground water in the
eastern Snake River Plains, and ground-water hydrol-
ogy of basalts in several parts of the Columbia Plateau
and the Snake River Plains. Other hydrologic work
in the region is summarized on pages A-39 to A-40,
A-92, and A-93 to A-94.

Laumontite stage metamorphism of Upper Triassic rocks,
Ald